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in the problem of accurately 
controlling low volume flows in 
processing with acontrolled volume 
pump. Controlled volume pumps 
discharge a precise volume of proc- 
ess liquid . . . accurate to within 
+1. And capacity can be varied 
continuously by automatic or 
manual means. Here are just a few 
examples of the many control ap- 
plications developed by Milton 
Roy specialists for processing: 


When the variable is flow 


An electronic pressure gage meas- 
ures flow through a venturi tube 
installed in the main line. The re- 
sulting signal is fed through a null- 
balance circuit to a characterized 
square root potentiometer which 
regulates stroke length of a Milton 
Roy controlled volume pump. 
Phosphate feed accuracy is well 
within +3% at all flow rates, and 
the system is so sensitive that feed 
rate changes as the flow rate 
changes with increasing or decreas- 
ing pressure on the main line reser- 
voir pumps. There is no appreciable 


lag. 


When the variable is 
temperature 

In exothermic reactions where 
temperature varies with catalyst 
concentration Milton Roy pumps 
control catalyst feed in response to 
reactor temperature. A pneumatic 
temperature controller transmits 
a 3 to 15 psi control air signal to 
vary the stroke length of the con- 
trolled volume pump, accurately 
adjusting catalyst feed to process 
requirements. 


When the variable is density 

Final density of a casein solution 
sprayed on tobacco is controlled 
within narrow limits by an auto- 
matically controlled Milton Roy 
pump. A density sensing primary 
measures casein concentration in 


how controlled volume pumps 
improve process control 


In this waste treatment process, Milton Roy pumps automatically meter treatment chemicals 


in re sponse to change s in pH. 


the main stream and transmits a 
signal proportional to concentra- 
tion to an electronic controller. 
With any deviation from the con- 
trol point, the controller automati- 
cally varies pump stroking speed 
through a Thymotrol, thereby 
varying the flow of diluent. 


When the variable is pH 


In the alkaline-chlorination of 
cyanide wastes and the reduction 
of toxic chromium wastes, Milton 
Roy controlled volume pumps feed 
caustic solution to raise and main- 
tain pH. The pumps are stroked by 
variable speed motors regulated by 
Thymotrol control units in response 
to electronic signals from industrial 
pH measuring systems. 


Choosing the right pump for 
control 

Accuracy must be designed into 
the liquid end. For example, ball 
checks must seat tightly at the 
eract instant the plunger changes 
direction, for 100°; volumetric effi- 
ciency. To achieve the desired re- 
sult, Milton Roy controls such 
interrelated factors as the height 
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of ball rise, relationship of seat to 
ball diameter, ball guide design, 
specific gravity of the ball, and 
acceleration of the process liquid 
as the plunger approaches its limits. 
Selecting the right combination for 
a particular pumping job and 
choosing the best control mechanism 
for the process are jobs for spe- 
cialists. 


If accurate chemical feed to thé 
process mainstream is one of your 
problems, look to Milton Roy’s 25 
years of experience for your most 
economical solution. Keep up-to- 
date on new control applications 
with a free subscription to ““Engi- 
neering Briefs’. Milton Roy Com- 
pany, 1300 East Mermaid Lane, 
Phila. 18, Pa. 


CHEMICAL INSTRUMENTATION SYSTEMS 


Controlled Volume Pumps « Quantichem Analyzers 
Chemical Feed Systems « pH Instruments 





New indicating bellows meter is accurate, 
rugged and safe in any atmosphere 


Use this new bellows meter for any flow or liquid level 
application where you want local indication, but don’t 
need recording or transmission. It combines the advan- 
tages of the mercuryless bellows meter body with the 
convenience of an easy-to-read 6-inch dial indicator. 


Make pressure connections from either the top or bottom 
of the meter body, depending on whether you want the 
meter to be self-venting, draining or purging. And forget 
corrosion worries; all parts of the bellows exposed to 
process fluids are of seamless stainless steel construction. 


This rugged meter will perform accurately in the tough- 
est service. Two meter bodies are available with pressure 
ratings of 1000 and 2500 psi, tested at 1500 and 4000 psi 
respectively. And you can use the meter in hazardous 
atmospheres because it is self-powered . . . at any ambient 
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temperature between —40° and +250°F. In the indicat- 
ing movement, a stainless steel pointer pinion and a 
nylon-faced gear sector assure long life and sustained 
calibration accuracy of +1% full scale (ranges of 0-50 
inches of water and above) and +114 % full scale (ranges 
below 0-50 inches of water). 


This new bellows meter has many other features .. . 
ease of calibration, simple range change, automatic 
ambient temperature and static pressure compensation, 
to name a few. Your nearby Honeywell field engineer 
can give you complete details. Call him today . . . he’s 
as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Ave- 
nues, Philadelphia 44, Pa. In Canada, Honeywell Con- 
trols, Ltd., Toronto 17, Ontario. 


Honeywell 
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“Pir Companions 


reduce costs... increase valving flexibility 


With face-to-face dimensions to I.S.A. stan- 
dards, K&M split body valves are interchange- 
able with K&M regular globe-body diaphragm 
valves (and with all standard makes of dia- 
phragm valves). 

This exclusive feature of the K&M split body 
design enables you to make significant reduction 
in your plant inventory investment of replace- 
ment valves. It gives you highly desirable 
flexibility. 

Additional flexibility is provided in the K&M 
split body valve itself. Interchangeable. 
unitized construction makes it possible to de- 
velop 432 different valve combinations from 
a single split body. 


& 


diaphragm control valves 


Our 79th Year 


S.A. 1697 


ISA Journal 


In a matter of minutes you can make the 
body reverse or direct-acting; switch the oper- 
ator to dome, diaphragm, or handwheel; change 
the seat ring to one of several types; recharac- 
terize by selecting a different plug; substitute 
the replaceable, rotatable flanges; convert from 
globe to angle type. 

The K&M split body valve fits your existing 
piping and fits your budget. 

One more plus . . . K&M split body valves 
have the largest Cy offered in split body con- 
struction ... more flow for your money. 

Write for Catalog 132 completely describing 
the valve that brings the split body idea to its 
fullest development, 


KYELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 
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FROM SELF-OPS TO INDICATING CONTROLLERS 





Sure Control at Low Cost 
...and Quality All the Way! 


‘at. 


1100 FulTrol® Series . . . 
controls liquid or air tem- 
peratures in conjunction 
with valves, dampers, etc. 
Adjustable proportional 
band; wide ranges. 


1004 Series . . . closest 

control in the 

field. Available in 

40° adjustment ranges 

from —35°F to +425°F. 
(Plus 8 other styios.) 








1150 Series . . . an 
indicating pneumatic 
controller with 
greatest field 
serviceability; 
proportional action 
(5% to 200%), 
automatic reset, 
fully compensated 
thermal system. 





1110 FultroMatic . . . com- 
plete temperature "control 
system in one air-actuated 
package: temperature con- 
troller, pneumatic control 
valve, positive valve posi- 
tioner. 


From the rugged simplicity of self-ops to the more compli- 


cated requirements of an indicating controller, 
— efficiently and 


answers your temperature control needs 


economically. 


Robertshaw 


And whichever Robertshaw instrument best fits your par- 


ticular job, you know there’s quality all the way... 


design, construction, performance. 

Check the Robertshaw temperature and pressure controls 
for your needs. You'll find them shown in detail in Catalog 
A-LU. Fulton Sylphon Division, Robertshaw-Fulton Controls 
Co., Knoxville 1, Tenn. 


ISA Journal 
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Good Things 


Come 
in Three 


SAN FRANCISCO—MAY 1960 


NEW YORK CHI 
SEPT. 26-30 


ISA FALL INSTRUMENT-AUTOMATION CONFERENCE 
AND EXHIBIT © 15th ANNUAL MEETING 


The Big Show . . . The Instrument Industry Show of the Year. . . ISA Fall 
Instrument-Automation Conference and Exhibit and 15th Annual Meeting. 
Here is the big opportunity for instrument manufacturers and their repre- 
sentatives to reach nearly 30,000 instrument users, specifiers in New York, 
the world’s largest market area (larger than Chicago, Philadelphia and 
Detroit combined). Here is an unmatched occasion for professional, tech- 
nical people to hear nearly 200 informative papers discussed on the theme, 
“Progress Through Instrumentation” at some 50 conference sessions, work- 
shops and clinics and to view exhibits of the latest instrumentation equip- 
ment and services. Profit from attendance by being in on instrumentation at 
its best. PLAN NOW TO ATTEND/TO EXHIBIT 


For further information write to 


INSTRUMENT SOCIETY of AMERICA 


313 Sixth Ave., Pittsburgh 22, Pa. 
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Wheelco Instrumentation 
keeps alloy quality high 
at Michigan Standard 


Michigan Standard Alloys, Inc., Benton 

Harbor, Michigan, is a leading producer of 

zine alloys, zinc anodes and zinc-aluminum 
brighteners for the automotive, steel and 

die casting industries. Pouring a daily heat aver- 
age of 65 tons from six pot-type furnaces and 
one Kozma radiant tilting reverberatory furnace, 
Michigan Standard must have extremely 
accurate temperature control to maintain alloy 
fluidity and good surface texture. Because of 
these rigid requirements, Michigan Standard 
insists on Wheelco instrumentation for temperature 
control. Wheelco Model 401 Capacitrols provide 
control action for the reverberatory furnace. 
Straight line control is provided for the pot-type 
furnaces by Wheelco Model 402 “‘anticipatory” 
time proportioning controllers. Wjth this 

type of automatic temperature control, Michigan 
Standard is assured that every heat will meet 
the most rigid customer specifications for 
quality alloy. Michigan Standard is typical of 
customers who come to Wheelco for automatic 





process control instrumentation tailored to 

their particular requirements. If you are not 
already using Wheelco, investigate. Wheelco offers 
a complete line of automatic process control 
instrumentation for every industry. 

Contact your nearest Wheelco sales and 

service office, or write direct for 

complete information. 


MODEL 401 
CAPACITROL — 
two position controller 
for use where 

transfer lag and dead 
time can be reduced to 
a negligible value. 


MODEL 402 TRU-LINE 
CONTROLLER — 

time proportioning for 
applications where 
compensation for system 
inertia is necessary. 


Wheelco Instruments Division 


ow Pa! BARBER-COLMAN COMPANY 


COLM AN Dept. F, 1542 Rock Street, Rockford, Illinois, U.S.A. Export Agent: Ad Auriema, Inc., N.Y. 
BARBER-COLMAN OF CANADA. Ltd., Dept. F, Toronto and Montreal, Canada 
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SCANNING \ WHAT’S NEW 


THE CHALLENGE OF CHANGE-—The shortage of potential manage- 
ment men who understand change and can adapt themselves effectively to 
it can, in the long run, be even more serious than the shortage of engineers, 
says John L. Burns, President of RCA. He cites the growing impact of 
science and technology as the most pervasive of the changes which have 
special pertinence for the manager of tomorrow. Engineers, too, must meet 
the challenge of change, says Lynn C. Holmes, director of engineering for 
Stromberg Carlson. “Rapid changes in technology have led to the technical 
obsolescence of technical people,” Holmes declared, and urged continuing 
training to keep engineering personnel abreast of technological progress. 


WEIGHING THE HUNCH FACTOR-—Hunches and personal con- 
tacts are two of the most important factors in research, claims William B. 
Wiegand of Columbian Carbon, distinguished winner of the 1960 Charles 
Goodyear Award of the American Chemical Society. A good huncher will 
enrich any research team, and a brilliant hunch may lie close to a real 


stroke of genius, says Wiegand. 


DEEP-SPACE PROBE FEASIBLE-—A space craft which could travel to 
within 5,000 miles of Mars, photograph nearly half its surface, and return 
safely to earth, has been devised at Massachusetts Institute of Technology. 
Total round trip, from launch to recovery, would take two to three years. 
Lab officials say no government agency now has specific plans to try the 
experiment, but they are confident the deep-space probe is feasible. The 
compact 340-pound vehicle, guided by an automatic navigation system, 
would go on an eccentric orbit around the sun, crossing the orbits of Earth 
and Mars. Instrumentation Lab officials feel that chances of success would 
be quite high because the equipment would be “relaxed’’— no “tuned-up”’ 
high speed servomechanisms which are a frequent cause of reliability diffi- 


culties. 


FRACTIONAL MILLIMICROSECOND SAMPLING OSCIL- 
LOSCOPE-—A new high speed electrical stroboscope or sampling oscillo- 
scope, in which fast rise time and high sensitivity have been made com- 
patible, has been developed by Bell Laboratories. The new instrument, with 
an effective band width in the order of 5,500 megacycles and a rise time in 
the fractional millimicrosecond range, is being used in studies of binary puls- 
es in the range of 1000 megabits, or a billion bits per second. 


BENDING THE GS SALARY SYSTEM-An effective, flexible sal- 
ary system attuned to changing market conditions is needed to solve the gov- 
ernment’s engineering and scientific personnel problem, Paul H. Robbins, ex- 
ecutive director of NSPE, recently told the House Committe on Post Office 
and Civil Service. Across-the-board percentage salary increase won’t get to 
the heart of the problem, said Robbins, who suggested that starting salaries 
be set and salaries in general maintained at rates competitive with those in 
industry. He also deplored the fact that outstanding competence can only 
be compensated by promotions, and suggested that provision be made to re- 
ward top ability by salary adjustment as well. 


(Please Turn to Page 11) 
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Thermo Electric 
Temperature Control 
Systems | 

















Thermo Electric advanced systems-building components 
permit custom designing to satisfy your temperature moni- 
toring, indicating, recording, or controlling requirements, 
exactly and economically. Starting with T. E. thermo- 
couples—standard or special calibrations—from 1 inch to 
66 feet and longer, accessories are carefully selected by 
T. E. applications engineers to relay any number of sig- 
nals to your instrument panel. Quick-coupling plug and 
jack connectors and panels, extension wire and cable are 
precisely matched to eliminate false emf’s. Junction 
boxes, rotary, key or push-button selector switches are 
all designed and constructed by T. E. to the highest 
quality standards. 


To monitor, indicate, record or control process variables, 
T. E. offers the compact Signaling Controller—the 
Indicating Controller and Indicating Recorder with large, 
easily-read scales, or special multi-point monitor systems. 
All instruments have front-set controls, complete in-the- 
field range interchangeability, ease of service, and feature 
the new High Gain Relay or Servo Amplifiers with high 
sensitivity and exceptional stability. 


The portable “MiniMite” Indicator with 23” scale and 
0.25% scale accuracy, can be used to indicate on-the-spot 
temperature or for calibration and test work. 


Let us assist in building your process control system. 


Send application details on your letterhead today to Dept. 13 





es 
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Thermo Eectrie «..: 


SADDLE BROOK, 
NEW JERSEY | 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 


——————————— 








SCANNING \ WHAT’S NEW (Continued from page 9) 


THE REVOLUTION IS ON-—The computer “revolution”, which has 
been gathering momentum in all quarters, has swung into full speed with 
the advent of the Sixties. In every phase of business and industry, the ac- 
cent is on computers—new applications, new developments, new capabili- 
ties, and bright predictions for tomorrow. Here is latest news on computers: 


IN THE FUTURE: “Peripheral” data processing machines, gathering data 
right at the source and making facts available to the data processing cen- 
ter directly, within the next five years will probably wipe out 75% of the 
present clerical personnel engaged in the input of data, predicts Charles 
F. Winter, sales manager of American Electronics’ Data Systems Division. 
More than 80% of electronic computers sold 10 years from now will be 
used in applications unheard of today, predicts Clair C. Lasher, general man- 
ager of General Electric’s Computer Department. He forecast a total industry 
volume of more than $20 billion by 1970 — up more than 300% over last 
year’s estimated industry volume of some $6 billion. 


IN VOLUME SALES: Royal McBee recently announced the installation of its 
400th Royal Precision LGP-30 electronic computer. On the receiving end— 
Continental Oil Company, which will use the LGP-30 as a research tool. 


IN AIR TRAFFIC CONTROL: The Federal Aviation Agency has begun test 
operations with a Librascope computer, the first ever designed specifically 
for air traffic control. As programed for the New York area, the solid state 
computer will be able to process and print 1,600 flight progress strips per 
hour, process 440 flight plans per hour, and store a total of 1,000 flight 
plans. It will be able to sequence the arrival or monitor the departure of 
90 aircraft an hour. 


IN PROCESS CONTROL: An electronic computer, custom engineered and de- 
signed by Goodyear Aircraft Corporation, will soon take over the heretofore 
manual job of controlling manufacturing at the world’s largest synthetic rub- 
ber plant, The Goodyear Tire & Rubber facility at Houston, Texas. 


IN DATA PROCESSING: RCA last month opened a data processing center 
(RCA 501) in Washington that could lead to a reduction of more than 50% 
in the mounting volume of paper work that today engulfs both government 
and business in the capital. 

The Marine Corps has put into operation a nationwide computer network 
that will give Marine planners a detailed picture of the manpower needs of 
virtually every Marine unit throughout the world, and the exact number and 
type of Marines needed to bring each unit up to combat strength. The system 
was developed by National Cash Register. 


IN RESEARCH: The world’s most powerful network of commercial compu- 
ters, linking labs and test stands in California, Texas and Missouri, and able 
to “talk” to each other via microwaves and telephone wires, was recently 
demonstrated publicly for the first time by Rocketdyne. Answers coming 
from the IBM Tele-processing Data System save hundreds of engineering 
hours in experimentation and testing. 


IN EDUCATION: A remotely controlled Bendix G-20 computer capable of 
90 thousand computations a second will be installed in Carnegie Institute of 
Technology’s Computation Center this fall. Because the G-20 can be remote- 
ly controlled, it will be possible for the various research centers to supply 
data to the computer and evaluate results from operating positions outside 
the computer center. 
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VARIAN 
Potentiometer 


RECORDERS 


for example... 


Preferred for real differences, 


7. ADJUSTMENTS MAKE THEM 


VERSATILI 


Zero is adjustable—left, right, 
center, or any uneven division 
of the chart to fit each partic- 
ular use. Also, ranges from 0-9 
millivolts to 0-100 volts. Such 
options as temperature record- 
ing are provided byinterchange- 
able chassis and matching 
charts and scales. 


1% accuracy; 1 or 246 seconds full- 
scale balancing time; portable, bench 
top or panel-mounted versions; sin- 
gle channel units weigh 15 pounds, 
dual channel 35 pounds; prices from 
$365; wide range of speeds and other 
options described in Varian litera- 
ture. Write the Instrument Division. 


@ 


VARIAN 
associates 


PALO ALTO 24, CALIFORNIA 
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Defense Work ‘Folly’? 


Many responsible small busi- 
nessmen say it is “folly” to en- 
gage in Defense work because 
the Government “imposes con- 
ditions that are both confisca- 
tory and destructive to small 
business,” according to Denham 
Scott, assistant to the president 
of the Garrett Corp. 

In a statement before the 
House Small Business Subcom- 
mittee, Scott charged that small 
business was being deprived of 
its proprietary rights under ex- 
isting regulations and specifica- 
tions which govern procurement 
policy for the Defense Dept. 


Price Reductions 


General Electric has announced 
major price reductions on low 


| current silicon rectifiers. Affect- 


ed are 39 models which are re- 
duced in price by 4 to 50%. 

Instruments for Industry has 
reduced prices up to 20% on its 
model XV-100/6299 socket for 
use with GE’s GL6299 triode and 
other tube types. 


Contracts and Orders 


Seven railroads have placed 
orders for Bendix Radio Divis- 
ion’s 2R series. transistorized 
railroad radio, now in produc- 
tion. 


Minneapolis - Honeywell’s 
Brown Instruments and Boston 
divisions have booked orders to- 
taling more than $500,000 for 
process instruments used in the 
manufacture of fibrous glass 
products. 


Daystrom has delivered two 
general purpose computer oper- 
ational information systems to 
Carolina Light and Power Co., 
and Gulf States Utilities Co. 


Allis-Chalmers won a contract 
to assist the National Bureau of 
Standards in a nuclear reactor 
design study, aimed at building 
a research reactor to be used by 
NBS in basic research on ma- 
terials and in establishment of 
standards for various types of 
nuclear measurements. 


SCANNING 


ECONOMICS 





Application Agreement 


Bailey Meter Company has 
concluded an agreement where- 
by Bailey will apply the Packard 
Bell Computer Corporation’s 
new medium-scale “second gen- 
eration” computer as a compon- 
ent of Bailey Systems for power 
plants and industrial processes. 


Sales and Earnings 


Robertshaw-Fulton 1960 first 
quarter sales were $19.5 million, 
compared with sales of 19.8 mil- 
lion for the 1959 first quarter. 


1959 net sales for Servomech- 
anisms were $15,137,629, com- 
pared with $17,314,483 in 1958. 


Ling- Altec Electronics net 
sales for 1959 were $48,086,785, 
with net earnings of $1,866,466. 


Milton Roy sales in 1959 were 
$3,755,062, up from $3,585,072 in 
1958. 


Net sales of Controls Comvany 
of America were $51,479,513, 
compared with $36,256,435 in 
1958. 


Hagan Chemicals and Controls 
reports record highs in sales and 
profits for 1959. Sales were $39,- 
192,341 in 1959 compared with 
$33,729,256 in 1958. Profits to- 
taled $2,034,934, an increase of 
42% over 1958. 


Leeds and Northrup reported 
earnings for the nine months 
ended February 29, 1960 were up 
about 33% over the same period 
last year. Figures given were 
$1,139,445, compared with $856,- 
977 for the previous year. 


Tracerlab sustained a $482,537 
loss in 1959, but sales were $10.7 
million, compared with $10.3 in 
1958, and there was a record high 
year-end backlog of $3.3 million. 


Black, Sivalls & Bryson con- 
solidated sales for 1959 were 
$41,792,682, compared with $38,- 
672,153 in 1958. 


Amphenol-Borg net sales in- 
creased 22% in 1959 — $56,451,- 
533, up from $46,430,851 in ’58. 





Measurement 
deviation... 


plus 
indication... 


plus 
valve position... 


you get them all 
with this 


Foxboro electronic 
control station 


Shown here actual size —> 


One 3” x6” panel station containing all control and 
supervisory functions — that’s the Foxboro Electronic 
Consotrol* Controller. All d-c input — all d-c output — 
all solid state. Operates completely independent from 
recording. 
And look at these other features: 
© measurement and deviation indicator gives continuous 
indication of process measurement as well as showing 
the deviation from set point. 
calibrated set point dial, with 434” scale, used with 











deviation indicator for readability of 2% full scale. 
* valve position indicator for continuous, horizontal-scale 
indication of valve opening. 
* simple auto-manual transfer switch for smooth, bump- 
less transfer. 
Foxboro electronic Consotrol control stations are avail- 
able for cascade, ratio and auto-selector systems. Ask 
your Foxboro Field Engineer about them — or write for 
Bulletin 21-10. The Foxboro Company, 346 Neponset 


Avenue, Foxboro, Massachusetts. 
*Reg. U. S. Pat. Off. 





Fhe FOXBORO 


Controller and recorder 
each slide out from panel 
for easy servicing. 


Standard 9” x 6” housing 
holds 3 control stations, 
‘or 1 station with a com- 
panion recorder. 
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Proportional — reset — 
derivative: all adjusted 
from the front. 
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New ElectriK Tel-O-Set... 
needs in a single compact 
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everything an operator 
control station 


This Honeywell electric control and the transfer doesn’t have to 
station meets all of your require- _ be hurried since the valve remains 
ments for operator convenience. under control during the transfer. 


You can also order the controller 
with the proportional band, rate, 
and reset adjustments on the 
front of the panel conveniently 
located below the control station, 
or at the rear of the panel. 


One compact case houses every 
function the operator needs to 
supervise a control loop: indica- 
tion of process variable and set 
point on the same scale; the con- 
trols needed to switch from auto- 
matic to manual; controls for ‘These are just a few of the fea- 
manual control; and indication tyres that make the new ElectriK 
of valve position. Tel-O-Set control system an out- 
standing value. Your Honeywell 
engineer can give you complete 
details. Call him today .. . he’s 
as near as your phone. 


The ElectriK Tel-O-Set control 
station assures easier bumpless 
transfer than ever before available 
because there’s no need to“‘lineup”’ 
or“‘match”’ pointers. Anullbalance MINNEAPOLIS-HONEYWELL, 
indicator eliminates guesswork, Fall River, Massachusetts. 

pea EN eh 

E r PIGREERING THE FUTURE 


as 


Honeywell 
1H) Fiat we Coutool 


SINCE 1885 


ay Valve position indicator continuously indicates controller 
output when on automatic control. 


Set point index is conveniently located on same scale as 
process-variable pointer; you can see from a distance any devia- 
tion of variable from set point. 


Rectilinear 4-inch calibrated chart is easy to read. At 
standard chart speed, four hours of recording is always visible. 
Unit has daily chart tear off or 30-day rewind. Both recorder 
and control station take the same 54" x 6” panel cutout. 


You get bumpless switching from automatic to manual con- 
—- trol because you don’t have to match pointers. In the balance 
maaren omer ree position, the valve position indicator is part of a null circuit that 
compares controller output and manual output. When indicator 

reads 50%, both outputs are perfectly matched. 
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GILLEN 


For the 
exacting needs 
of exacting 
instrumentation 


Gillen instrument pivots 
are precision-machined 
from high grade carbon 
tool steel, heat treated 
for glass-hard bearing 
points, highly polished 
and ready for assembly. 


Write for complete information 
Samples /Sizes /Prices 


JOHN GILLEN COMPANY 


subsidiary of 
STANRAY CORPORATION 


2544 South 50th Avenue 
Cicero 50, Illinois 
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SCANNING 


INTERNATIONAL 


Industry Seeks Trade Restriction Eeasement 


Spokesmen for major U.S. in- 
strument manufacturers have 
appealed to the Government to 
seek mitigation of trade restric- 
tions imposed by foreign govern- 
ments. The industry, whose ex- 
ports are running better than 
$270 million annually, claims it 
can raise this level if such re- 
strictions are eased. 


The appeal was made at a re- 
cent Department of Commerce 
conference held to get the views 
of industry on measures the Gov- 
ernment can take to boost the 
sale of U.S. products abroad. 
The information is expected to 
be particularly helpful to US. 
negotiators when mutual tariff 
concessions are discussed in Ge- 
neva this fall under the General 
Agreement on Tariffs and Trade. 


Instrument industry spokes- 
men told the conference that in 
their dealings abroad they en- 
counter discriminatory tariffs, 
licensing restrictions, special tax- 
ation, exchange _ restrictions, 
product classification problems 
and related handicaps. 


Among suggested domestic 
remedies, spokesmen said it 
would be helpful if the Govern- 
ment further speeded up ma- 
chinery for issuing export li- 
censes. It was also urged that 
items subject to control should 
be continually reviewed, with 
the object of decontrolling those 
commodities not deemed to be 
strategic by other countries. 

Removal of such _ products 
from export restrictions, they 
said, would place U.S. producers 
on a more equal footing with 
their foreign competitors. 

Secretary of Commerce Fred- 
erick H. Mueller reported at the 
conference that U.S. exports are 
on the rise, and he expressed 
hope for an overall 10 to 15% 
increase this year. 

Among the instrument manu- 
facturers represented at the con- 
ference were Foxboro, Veeder- 
Root, Taylor, James G. Biddle, 
Leeds & Northrup, Bacharach, 
Boonton Radio, Daystrom and 
Hewlett - Packard. George E. 
Lawrence and Kenneth Ander- 
son represented SAMA. 





RCA in $25-Million Italian Development Program 


RCA International will direct 
development of a multi-million- 
dollar electronics manufacturing 
complex in Southern Italy, call- 
ing for an initial investment of 
$25-million and promising sub- 
stantial new employment in one 
of Italy’s underdeveloped areas. 

In an agreement of unprece- 
dented scope between a Euro- 
pean State Agency and private 
industry of another nation, the 
Instituto per la Ricostruzione In- 
dustriale (I.R.I.) has secured the 
assistance of RCA International 
to direct the project, drawing on 
the services and facilities of the 
various subsidiaries and affili- 
ated companies of RCA. 

IRI has expressed the hope 
that RCA International will pur- 


chase from the Italian govern- 
ment all or part of the manufac- 
turing network it creates during 
the period of the contract — five 
to ten years — and then continue 
operating it as a private enter- 
prise. 

Initially, the program calls for 
expansion of existing facilities 
and building of new ones for the 
manufacture of tube, semicon- 
ductors and other components. 

Also contemplated: expansion 
to other fields of electronics; es- 
tablishment of a data processing 
center in Rome to serve Italian 
government and business; train- 
ing of Italian personnel in elec- 
tronics; operation of a research 
lab; and formation of an Italian 
branch of the RCA Institutes. 





HAGAN NEWSLETTER — JUNE 


Behind the panel 


DATA LOGGER ON WHEELS FOR MULTI-PLANT PETROLEUM CORPORATION 


Designed for a major European oil producer, this new departure in data processing will consist 
of a Series 2000 Kybernetes Data Logger mounted in a trailer. The trailer will not only house 
the 100-point data system, but will also contain its own regulated power supply equipment, 

so that only the inputs from process transducers and unregulated plant power will have to be 
connected at the plant site. The Kybernetes system will be used to monitor operating conditions 
during the various phases of the start-up of new petroleum refining, petrochemical and chemical 
plants. Later, the equipment will be used for periodic checks throughout the corporation's 


plant complexes. 


In addition to logging 100 process variables, the Kybernetes system continuously scans for 
off-normal conditions. Process engineers will also use the system for dynamic analysis... 
selected groups of critical variables will be scanned at the rate of four points per second 
and recorded on high-speed punched tape for subsequent analysis. Hagan was awarded this order 
on the basis of a 5-year analysis of available equipment. The corporation's engineers decided 
that only the Kybernetes system was reliable enough for this type of service. (Details on 
request--Ask for Item N-1) 


ANOTHER ELECTRONIC COMBUSTION CONTROL SYSTEM FOR STEEL 


Another Hagan PowrMag (magnetic amplifier) combustion control system for the steel industry 

is on order, this time for a bar heating furnace. To be fired with a combination of gas and 
oil, the furnace will be equipped with Hagan PowrLog recorders and PowrMag controllers. Basic 
in the selection of a solid state electronic system is the desire to make possible more 


centralized control, and the ability to transmit operating information over longer distances 
than is possible with pneumatic systems. The straight-forward engineering, simplicity and 


high reliability of Hagan PowrMag systems also played a large part in its selection. 
(Details on request--Ask for Item N-2) 


OPEN HOUSE DAY VISITORS SEE UNSCHEDULED EVENT 


A brand new utility central station in the Mid-West was holding open house for their own 
officials and for invited representatives of other power companies in the area. During the 
course of the morning, another station in the same network dumped a 100,000 KW load due to 
electrical difficulties. The resulting surge overloaded the new station and the circuit 
breakers tripped out. Within fifteen minutes, the station was back in service, having demon- 
strated to the visitors that all equipment was well able to handle emergencies. Station 
officials were particularly proud of the performance of the control systems. As shows on the 
charts, the Hagan combustion, steam temperature and feed water control systems kept operating 
on full automatic during the unexpected shut-down, start-up period. (Details on request-- 


Ask for Item N-3) 





AUTOMOBILE RADIATORS PROTECTED VIA HAGAN CONTROLS 


Automobile radiator thermostats are pre-coated with solder and clamped together before being 
sent through a muffle furnace for brazing into a complete unit. To maintain flexure life, 
solder penetration must be firm, yet held to a minimum, therefore accurate control of furnace 
temperature is a must. The control system uses a Hagan Model P amplifier and a PowrMag con- 
troller...with these, furnace temperature of 1400F has been maintained within +1°F, well 
within the required limits. Since solder penetration is a direct function of time and temper- 
ature, rejects will be held to a minimum by the accurate regulation made possible by the 
Hagan controls. (Details on request--Ask for Item N-4) 








HAGAN CHEMICALS & CONTROLS, INC., Hagan Center, Room 713, Pittsburgh 30, Pa. 


<2) 


HAGAN DIVISIONS: CALGON COMPANY — HALL LABORATORIES — BRUNER CORPORATION 
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TubeXperience in Action 














Deep well pressure readings within .05% accuracy 
with help of Superior Ni-Span C* Bourdon Tubing 


Accurate down-well pressure readings, indicating changes of 
only | to 4 psi at bottom-hole pressure of 2000 psi, are hard 
to get, but extremely important. They demand a pressure 
gage accuracy of at least 0.197, to make the vital engineering 
calculations based on them of any value. 


To achieve this accuracy and better it, Superior was asked for 
help in selecting the Bourdon tube material for an improved 
bottom-hole measuring device. After careful study, its metal- 
lurgists recommended Ni-Span C nickel-chrome alloy for the 
Bourdon tubes. This material was chosen for its relative 
insensitivity to temperature changes, coupled with superiority 
in operating temperature, mechanical hysteresis, and elastic 
drift; also for its fatigue resistance and spring properties. 


The customer followed the suggestion and now this gage, 


Swoerir 
Ge name in small tubing 

NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 


which is unique in bottom-hole pressure instruments for the 
reason that it utilizes a helix-wound Bourdon tube to transmit 
directly the effects of pressure to a recording stylus, is rated 
0.1% accurate. In fact, with special care in operations and 
calibration, it can measure within .05°%, accuracy. 


NI-SPAN C TUBING NOW STANDARD AT SUPERIOR 
Ni-Span C redraw stock is now in inventory at Superior, 
available for immediate production in a range of sizes from 
.010 in. to % in. OD, up to .125 in. wall max., and from 
¥ in. to 1% in. OD in wall thicknesses up to .035 in. max. 
Shaped tubing can be produced to customers’ prints. Perhaps 
you have an application that can benefit from its unusual 
properties. Write for Data Memorandum No. 19. Superior 
Tube Company, 2015 Germantown Ave., Norristown, Pa. 


*Registered trademark of International Nickel Co. 


fide 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 


18 ISA Journal CIRCLE NO. 


13 ON PAGE 97 





CONTROL APPLICATION No. 3 





Closed Loop Control 


for Heavy-Media Coal Preparation 


Installation: Underkoffler Coal Service Company, Lykens, Pa. 


Process: Separation of anthracite coal from slate, stone and other 
foreign materials by the heavy-media liquid separation method. 
In this process, density of the liquid medium is maintained so that 
a specified grade of coal floats and the foreign matter sinks. 


Control: Specific gravity of the magnetite-water heavy medium liquid 
at specified value in a close piping system to insure most efficient 
separation of coal from foreign matter based on difference in 
density. 


Specifications: Automatically measure density of magnetite-water 
heavy medium liquid by nuclear radiation to an accuracy of 
-0.001 in terms of specific gravity and provide appropriate sig- 
nal for actuation of an automatic control system to maintain 
specific gravity of the liquid medium =+0.003 of set point. 


Equipment: Wilmot Engineering Company (White Haven, Pa.) heavy 
media system; Minneapolis-Honeywell Regulator Company, 
Brown Instruments Division (Philadelphia, Pa.), Electronik cir- 
cular chart recorder-controller with Electr-O-Line proportioning 
control, Modutrol motor and recording-controlling ammeter; In- 
dustrial Nucleonics Corporation (Columbus, Ohio), AccuRay 
density meter and AccuRay level detector. 


The Problem: The basic operations in processing of coal are to clean it, remove foreign 
matter, grade it according to size, and separate it according to ash content. The com- 
petitive state of the coal industry demands that specific quality coal be produced with 
less waste, greater consistency in quality, and at lower unit processing costs. One of 
the most significant advances in coal preparation is the heavy media process, by 
which difference of densities of coal and foreign matter allow them to be separated by 
the float and sink principle. 


With manual operation, the Underkoffler heavy media plant would be experiencing va- 
riations in media specific gravity by as much as 0.02 specific gravity, using the conven- 
tional Denver cup method of sampling. The foregoing statement is based on data ac- 
cumulated from many installations of manually operated heavy media systems which 
have been made during recent years. 


The problem was to reduce variations in specific gravity and thus maintain ash content 
in the range of 10 to 11%. The closed-loop automatic control system is able to main- 
tain specific gravity to +0.003 of the optimum pre-set specific gravity. Before installa- 
tion of the automated heavy media vessel the Underkoffler Coal Service processed 
coal with jigs using water as a separatory medium. Where the ash content of the pre- 
pared coal previously ranged from 12 to 16%, it now averages to the desired quality 
standards of 10 to 11%. Coal processed ranges in size from Stove down to and includ- 
ing +4, +5 and #6 Buck. 
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Flow diagram of Underkoffler Coal Service Company plant, Lykens, Pa., which 
employs the heavy-media liauid method for separation of anthracite coal from 
slate, stone and other foreign matter. Raw coal flows into the system at the left, 
passing through the pre-wet vibrator and into the heavy-medium separation vessel. 
Floated coal is sluiced to one section of a partitioned dewatering screen and 
vibrator. Refuse which sinks is sluiced to the second section of the dewatering 
sereen, For simplicity of illustration only the refuse section of the two-section 


dewatering screen is shown. 


An Instrumentation First 

This closed-loop automatic control system at 
the Underkoffler coal preparation plant in Ly- 
kens, Pa., is the first of its kind in the country. 
Closing the control loop in the heavy-media 
separation process is a significant advance in 
the preparation of both coarse and fine coal. It 
makes possible a product more consistent in 
quality and reduces the preparation costs by 
eliminating considerable waste. Excellent as the 
heavy-media process is, competition from with- 
in the coal industry and by other fuels is 
spurring research for still lower preparation 
costs and improvements in cleaning methods. 

This control system is a development of Wil- 
mot Engineering Company, a leading manu- 
facturer of coal preparation equipment using 
instruments of Minneapolis-Honeywell’s Brown 
Instruments Division and Industrial Nucleonics 
Corporation. The system puts a density-sensing 
meter in closed loop with control mechanisms 
for addition of high-density material (magne- 
tite) to the heavy-medium solution for auto- 
matic control of the specific gravity. 


The Process 


In the anthracite coal preparation process, the 
heavy-medium is prepared by adding magnetite, 
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a finely powdered ore, to water to form a solu- 
tion of specific gravity of 1.70. Specific gravity 
being defined as the ratio of the density of a 
substance to that of water. Density in turn is 
defined as mass per unit volume, such as pounds 
per cubic foot and grams per cubic centimeter. 
Raw coal from the mine is pre-wetted and pre- 
sized, then fed into the heavy-media vessel. 
The coal with density near 1.70 floats in the 
medium and is sluiced to a partitioned vibra- 
tor. The slate, stones and other impurities sink 
to the bottom of the vessel. 


The floated coal and refuse are sluiced into 
separate partitioned vibrators where they are 
washed with water spray on dewatering screens 
for rinsing and recovery of the magnetite-water 
solution. The rinsed coal is elevated to sizing 
shakers and thence to storage. The refuse is 
transferred to bins for disposal. As the flow 
diagram above shows, the heavy-medium solu- 
tion is recovered and recirculated. 

Recovery of magnetite solution is accom- 
plished in three steps at the Underkoffler plant. 
Fast draining medium is sluiced directly to the 
main medium sump and returned to the vessel 
by pumping without further treatment. Medium 
still adhering to the coal and refuse is spray- 
washed into a washing hopper as the material 
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moves along a vibrating screen and then 
pumped to a magnetic separator. Any magnetite 
still remaining on the coal is spray-washed into 
a counterflow hopper and the diluted solution 
recirculated through sprays over the washings 
sump and thence pumped to the magnetic sep- 
arator. The magnetite is collected and concen- 
trated, passed through a demagnetizing coil, 
and returned to the main medium sump for re- 
circulation. Magnetic recovery is so thorough 
that it is necessary to add only 0.4 pounds of 
magnetite or less per ton of raw coal processed. 


Manual Control Lacks Accuracy 


Normally, in the absence of density meters, 
specific gravity readings are taken with a Den- 
ver cup, a small beaker about the size of a pint 
milk bottle. The Denver cup is suspended from 
a beam scale graduated in degrees of specific 
gravity to provide a measurement of weight. 
With this device, manual control of the mag- 
netite-water density is accurate only to --0.02 
specific gravity and may go as high as +0.03. 
By the time corrective action is taken — adding 
either magnetite or water — the media vessel 
operates at either too high or too low gravity. 
With higher gravity the ash content of the 
separated coal is higher, and conversely lower 


gravity gives lower ash content plus discarding 
low-ash content coal to waste. 


The closed-loop control system at the Under- 
koffler plant holds specific gravity within 

0.003 at the widest spread. Control revolves 
around an AccuRay density measuring unit 
(D-1) which operates on the principle of radia- 
tion absorption; a specific gravity recorder- 
controller (SPRC-4) with proportional control, 
and feeder control motor (FC-6). The signal 
from the density meter is interlocked to a 
system of valves and mechanical devices which 
add magnetite or water to maintain the opti- 
mum value of specific gravity in the separating 
system. 


The density unit, employing gamma radiation 
(Cesium 137) measures to within +0.001 the 
specific gravity of the media as it enters the 
Wilmot heavy medium vessel. The shielded 
radiation source is mounted on one side of the 
circulatory pipe just ahead of the media ves- 
sel; the radiation detector on the other side 
Since radiation absorption is proportional to 
the mass it passes through, the amount of ra- 
diation received by the detector varies as the 
density of the medium changes. The signal 
from the density detector is amplified and read 
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(Above) Absorption radiation type unit which continuously 


measures 


density of heavy-medium liquid as it flows 


through pipe section. (Left) Output of density unit is am- 
plified and indicated as specific gravity by meter on lower 
section of the panel; instrument at top is the specific gravity 
recorder controller which actuates two motorized valves 
and a magnetite feeder to maintain desired specific gravity 
of heavy-medium liquid. 


out by density indicator (DI-3) and the re- 
corder-controller in terms of specific gravity. 
The controller proportioning unit operates three 
final control elements: a Modutrol motor which, 
in turn, operates a rheostat controlling the 
rate of magnetite feed to the system; a motor- 
ized valve (CV-8) in the media by-pass line and 
a motorized valve (CV-12) in the clear water 
line. 


How the System Works 


If, for example, medium density drops below 
the specific gravity set point due to moisture 
and pre-wetting of the raw coal entering the 
separation vessel, the density unit signals low 
specific gravity and the controller slidewire 
opens by-pass valve (CV-8) to bleed the cir- 
culating medium to the magnetic separator. At 
the same time, an actuating arm on the feeder 
motor (FC-6) operates a vibrator to feed the 
proper amount of magnetite to the main medi- 
um sump. On a high gravity reading, the con- 
troller opens a motorized valve (CV-12) in the 
main water line to dilute the medium and thus 
lower density. 

Specific gravity changes may be made at will 
by turning a dial on the density indicator (DI-3) 
which corresponds to a pre-calibrated specific 
gravity curve. 

The control system also includes a radiation- 
type level detection contro] unit on the main 
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sump. On low sump level, fresh water is ad- 
mitted by action of low level detector LLD-9 
and control valve CV-10. On high level, detector 
HLD-11 actuates the system to by-pass con- 
trolled amounts of medium to the magnetic 
separator and the washings hopper. 


The system also includes an ammeter recorder 
(AR-13) which measures current of the coal 
feed conveyor motor. With low loads of coal 
feeding the system, the recorder transmitts a 
signal to the feeder control unit (FC-6) and 
shuts down the magnetite feeder. 


Automatic Control Pays Off 


At the Underkoffler plant, where the Wilmot 
heavy media process has been in operation 
since shortly after the first of the year, separa- 
tion is virtually foolproof. Coal is prepared at 
the highest recovery efficiency yet obtained. At 
the same time, coal of minimum ash content is 
recovered without fluctuation. An indication of 
the system’s value, and what closed loop control 
means in terms of efficiency, can be gleaned 
from these statistics: 80 per cent of the 600 
tons of anthracite processed daily — practically 
all of the usable coal coming from the mines — 
is recovered in nine standard sizes; ash content 
(unconsumed material remaining after complete 
combustion) of the coal, which formerly ranged 
from i2 to 16 per cent under old cleaning meth- 
ods, now averages 10 to 11 per cent. 





He knows 
everything about 
photography except 
how to make film. 





He makes the 
world’s best high- 
speed color film 
emulsions but tries 
to photograph 
pretty scenery 
through a dirty 
windshield. 


At one of the 170 high-speed camera stations which instrument the 
20,000-foot supersonic sled track at Edwards Air Force Base, Lt. 
Col. Earl R. Strandberg makes the acquaintance of Kodak’s Walter 
A. Fallon. Colonel Strandberg, as chief of the Photographic Branch, 
has responsibility for quantitatively documenting all phenomena 
encountered in impact tests, static firing of rocket engines, and other 
activities of the Air Force Flight Test Center. Mr. Fallon, who is 
in charge of Kodak’s color film emulsions, is visiting to observe the 
demands to be met by his latest products, a reversal film and its 
companion duplicating film. They strongly enhance information ca- 
pacity through fine color distinction, sharpness, and extreme speed. 


The names of the new products are Ektachrome ER Film and Ektachrome Reversal Print 
Film. They have a realistic quality that stimulates observers to perceive facts in super- 
slow-motion movies that would be lost without color. 

To Walt Fallon the scenic drive through the mountains to check them out with the 
Colonel brought him near culmination of a hard campaign. To the Colonel, however, they 
represent only another step in a long history of increasing the usefulness of photography. 
In 1927 he talked a high school coach into letting him be the first man—more accurate- 
ly, the first boy—ever to film an entire football game for purposes of analysis and self- 
improvement. 

For information about color photographic materials for recording work, write 


Photorecording Methods Division 
EASTMAN KODAK COMPANY, Rochester 4, N.Y. 
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COMPANIES 


4 ON THE MOVE 


Bell Re-organizes 





Bell Aircraft has reorganized 
its operating units into two di- 
visions: Defense Group and 
Commercial Group. Stockholders 
vote this month on a proposal to 
sell the Defense Group to Tex- 
tron, Inc. 


Expansion 


Union Switch and Signal will 
push railroad automation with 
its new Automation and Systems 
Section which will work on con- 
trol systems for the automatic, 
semi-automatic or remote con- 
trol of railroad operations. 


A new RCA department—Elec- 
tronic Recording Products—will 
work on magnetic tape recording 
devices for TV, business data 
processing and telemetering. 


A Gauge and Instrument Di- 
vision and a Valve Division have 
been formed by Manning, Max- 
well & Moore, Inc. 


Technology Instrument Corp. 
has announced formation of a 


“BUDGET AIR DRYER Srscinscorttencsse 
at their Acton Labs subsidiary. 


. “4 Merger 
supplies smal! quantities _ 
Fairchild and DuMont are 
of dry air at low cost talking merger, with Fairchild 
the surviving company. 
General Mills is negotiating to 
purchase The Daven Comnany 
and Laible Manufacturing Co. 


Thompson-Ramo-Wooldridge 





If your requirements for very dry air are 
relatively small—but highly important— 
cree Missi tp Bn NEW BUDGET DRYER 


you'll find the new Budget Air Dryer tailor- 
' IS IDEAL FOR: acquired a controlling interest 


made for your needs. An investment in acqu I 
large equipment is not needed. The Budget © air-operated instrument in Good-All Electric Mfg. Co. 


Dryer is modestly priced, easily installed and controls Magnetic Amplifiers, Inc., has 
serviced, operates on any 110 volt a.c. line. e electronic equipment been merged into The Siegler 
- ; Corp. 

This entirely new unit supplies up to e small cubicles P ; ; 
20 cubic feet per minute of air, dried to a e pilot plant operations The Grover Co., maker of 
j x,0int of —60°F or lower. Operation rransitube Pneumatic Tube Sys- 

2wpol of — ‘ Pr. J ry 
= , nage ate / tems, has become a subsidiary 
is complete y automatic. Likewise, the unit em . of Powers Regulater Co. 
is as foolproof as possible, operating independently of variations in 
air pressure. Rugged construction and a long operating cycle assure Construction 











ner a Westinghouse plans a central- 

Lectrodryer Budget Dryers are standard units, available from stock, lized R & D Center at Pittsburgh 

shipped ready for installation. For complete information on this new to bring together 1,750 key West- 

unit and its low cost, write for Bulletin BOA, Pittsburgh Lectrodryer inghouse personnel in basic and 
Division, McGraw-Edison Company, 356 32nd St., Pittsburgh 30, Pa. applied research. 

MB Electronics has contracted 

with NASA to design lab facil- 


( j ities to simulate outer space and 
ec ro ryer ni | atmospheric re-entry at the new 
$18-million Goddard Space 
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What simpler and more reliable actuating device can 
you employ in an amperage-voltage-frequency record- 
ing instrument than a d’Arsonval galvanometer . . . a 
trouble-free horseshoe magnet and a coil of wire? The 
same is true of the exclusive “recti/rite”® system . . . 
a simple, shock resistant trigonometric linkage that 
straightens the arc described by the galvanometer 
metering arm, changing curvilinear motion to recti- 
linear motion. 

All the other “recti/riter” recorder features which 
contribute to this instrument’s multi-industry accept- 
ance and hardworking reliability are equally simple: 
The optional a-c or d-c drives couple directly with 
chart speed change gears to allow ten chart speeds; 
all routine operations and adjustments are performed 
“up front”; the non-corrosive, honed metal alloy pens, 
closed ink system, and large capacity ink well give 
you long, consistent writing performance. 


i 
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TEXAS INSTRUMENTS 
INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY *® HOUSTON 6, TEXAS * CABLE: TEXINS 
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recorders prove what every 
engineer knows ... SIMPLICITY MEANS RELIABILITY 


With all their simplicity and reliability, “recti/riter” 
recorders are offered in extremely wide and useful 
Basic Recorder Ranges (Dual channel recorders offer 
combination of any two ranges): 
Two Cycle Pen Response 
D-c Milliampere Ranges ¥% ma to 100 ma 
A-c Ampere Ranges 0.25 Ato25A 
D-c Ampere Range 100 mv for use with standard shunts 
Expanded Scale A-c Voltage Ranges 80-130 V, 
160-260 V, 320-520 V 
10 V to 1000 V 
50, 60, 400 cps 


A-c and D-c Voltage Ranges 
Frequency Ranges 

Five Cycle Pen Response 
D-c Milliampere Range 5 ma 
Ask the TI engineer about customized recorders for 
your OEM applications. Don’t settle for any re- 
corder until you know all the facts on the complete 
“recti/riter” recorder line. 


The proved “recti/riter” 
recorder is a companion to 
the new “servo/riter’’* 
recorder. 


*“servo/riter” is a trademark 
of Texas instruments 
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ROBERTSHAW + MICROSEN — NEW UNIFIED SOURCE 


Everything’s 
under Control! 


Robertshaw + Microsen.. . new 
instrumentation source for precision 
control of pressure, temperature, dif- 
ferential pressure, oxygen concentra- 
tion, liquid level, gas analysis, pH, 
flow...(Top, 1. tor.) Microsen Trans- 
mitter, Microsen Recording Controller 
(Bottom, 1. to r.), Microsen Electro- 
Hydraulic Control Valve Operator, 
Level-Tek Level Detection and 
Control System. 


26 / ISA Journal CIRCLE NO. 17 ON PAGE 97 








FOR SUPERIOR Ba feked 3-)-meeote), baie) S—) 


Robertshaw — long a familiar 
name in capacitance - actuated 
level measurement instrumenta- 
tion now provides industry with 
Microsen Electronic Controls 
— formerly manufactured by 
Manning, Maxwell & Moore, Inc. 


Now-—one experienced source for 
more of your industrial process 
control systems. 


Maximum automation can be 
applied to data acquisition, trans- 
mission, indication, recording and 
control of process variables. Sys- 
tem flexibility assures low initial 
investment... system accuracy 
and reliability minimize operating 
costs. Truly helpful technical as- 


sistance from over 50 conveniently 
located offices in the Northern 
Hemisphere. Write for address of 
the one nearest you. 


Aeronautical and Instrument 
Division, Robertshaw- Fulton 
Controls Company, Santa Ana 
Freeway at Euclid Avenue, 
Anaheim, California 





SCANNING \COMING EVENTS 





The only conference in 1960 devoted entirely to automatic control. . . 


The Joint Automatic Control Conference 


Eighteen technical sessions 
have been set for the first an- 
nual Joint Automatic Control 
Conference, which will be held 
September 7-9 on the campus of 
the Massachusetts Institute of 
Technology. Plans call for three 
sessions on sampled data and 
adaptive control, three on proc- 
ess dynamics, four on computer 
control and three on control 
components. 


A special feature will be a 
first-hand report on the proceed- 
ings of the first International 
Congress of the International 
Federation for Automatic Con- 
trol being held in Moscow this 
month. 


JACC is a jointly supported 
venture, with program material 
contributed by ASME, AIChE, 
AIEE, IRE and ISA. The Confer- 
ence was conceived and planned 
to reduce the overlap of confer- 
ences sponsored by individual 
societies, and to provide a single 
event devoted exclusively to 
theory and application of auto- 
matic control techniques and 
equipment. 


The General Program Chair- 
man for the 1960 Conference is 
J. M. Mozley of ASME. Under 
his direction, a number of session 
program chairmen are complet- 
Ing an extensive program made 
up of selected papers submitted 
by members of the five partici- 
pating societies. 


Advance Program 


An advance program will be 
distributed by each participating 
society to its members. This will 
contain complete information 
about the conference and will 
enable advance registration and 
the ordering of preprints. 


Arrangements are being made 
for conference attendees to reg- 
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ister and check into campus 
housing facilities September 6. 


ISA is giving its full support 
to the 1960 JACC. R. K. Adams 
represents ISA on the Steering 
Committee; others participating 
in planning the event are J. C. 
Harned, ISA Program Chair- 
man; C. M. Doolittle, ISA pub- 
licity; and G. H. Bouman, di- 
rector of ISA’s Feedback Control 
Division. 

The 1961 JACC will be spon- 
sored by ISA’s Feedback Control 
Division, with R. K. Adams as 
general chairman. 


Looking Ahead 


In a statement describing 
JACC and its relation to ISA, 
Mr. Adams said, “The 1960 Joint 
Automatic Control Conference is 
the first major effort by the five 
sponsoring societies to present a 
conference on automatic control 
theory and practice. This event 
will provide a single technical 
conference on all phases of auto- 
matic control which are current, 
as well as give insight into some 
of the theoretical and practical 
techniques which are just now 
being developed. This insight 
into the future promises to be 
one of the highlights of each 
year’s conference. 


“By its participation in the 
1960 JACC and similar joint ef- 
forts with other societies, ISA 
is becoming recognized as a fast- 
moving, soundly-based technical 
organization. 


“By assuming the responsibil- 
ity for the direction of the 1961 
JACC, ISA presents a forceful 
challenge to its members to excel 
in technical accomplishment and 
an eye-opening example of com- 
petence in a field previously 
dominated by the older socie- 
ties.” 


ASME sponsors the 1960 JACC; 
W. D. Archibald is general chair- 
man. 


“We have been trying to pro- 
mote a method of reducing the 
number of meetings devoted par- 
tially to automatic control,” Mr. 
Archibald recently told C. M. 
Doolittle, ISA representative to 
the JACC publicity committee. 
“At the same time, we want to 
do whatever we can to continu- 
ally upgrade the technical infor- 
mation disseminated at these 
conferences. 


“I would like to thank all the 
societies for their cooperation,” 
Mr. Archibald continued. “We 
are getting a solid program iden- 
tified, and are doing everything 
possible to assure suitable meet- 
ing and housing facilities. Our 
big problem at this time is to 
estimate the number who will 
attend. 


Heavy Attendance Expected 


“We expect the number to be 
large, but because of the unique- 
ness ~f JACC it is difficult to 
predict what to expect. We hope 
everyone will make use of the 
advance registration forms when 
they. are released, so that we can 
be prepared to house as many as 
possible on campus.” 


ISA will mail advance pro- 
grams and registration forms to 
all members who have indicated 
interest in feedback control sys- 
tems in membership records. 
The advance program will also 
be published in the Journal at 
a later date. 


If you are not certain that 
you are on the feedback control 
systems mailing list, a letter to 
H. S. Kindler, ISA Headquarters, 
313 Sixth Ave., Pittsburgh 22, 
Pa., will assure you of receiving 
this information. 
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THE PNEUMATIC OPERATED 
PISTON “P.O.P." WITH 
ELECTRO-PNEUMATIC TRANSDUCER 
The compactness, speed and power ovail- 
able from the FISHER Series 470 P.O.P. is 
readily made available in electrical con- 
trol systems with the use of the yoke 
mounted Type 545 Electro-Pneumatic * 

Transducer. 
Input Current: 1 to 5 ma, 4 to 20 ma, 
10 to 50 ma, d.c. 
Linearity—1% of Full Range 
Resolution Sensitivity—less than 0.1% 
of Input Range. 


THE 
ELECTRO-PNEUMATIC POSITIONER 
“E-POSITROL” 

Using a conventionol Fisher diaphragm 
Control Vaive, the E-Positrol receives o Ma 
signal and translates this to a proportional 
pneumatic signal to a positioner which 
provides the speed and power to operate 

the valve. 
Input Current: 1-5 ma; 4 to 20 ma, 
10 to 50 ma D.C. 
Linearity—1% of full scale. 


Resolution Sensitivity—0.1% of 
input range. 


IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT'S CONTROLLED BY... 
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supply the muscles for your 


CONTROL SYSTEMS 





The old adage, “a chain is as strong as its weakest | dependable and accurate control valves for your electri- 


link” can be equally applied to the “muscle” or more cal or electronic system. 


correctly the final control element on any control loop. 
The importance of a control valve in an electronic sys- Described below are three types of actuators that offer 
tem should never be considered lightly and that is why an exceptionally practical and economical approach for 


you should look to Fisher for assurance in furnishing control valves in electrical control loops. 


THE TYPE 350 
ELECTRO-HYDRAULIC ACTUATOR 
In electrical control systems where oir is 
not available or desirable, the Fisher 
Electro-Hydraulic Actuator provides all 
the necessary requirements for a de- 
pendable and accurate control valve. 

Maximum Stem Thrust..2000 pounds 
Stroking Speed....... 0.37 in./sec. 
Resolution Sensitivity. ..less than 0.05% 





TYPE 543 
ELECTRO-PNEUMATIC TRANSDUCER 


Incorporating its own relcy booster, the 
543 transducer can be installed either 
on or away from ony type of pnev- 
matically operated diaphragm control 
valve. Available in some input current 
ranges as other transducer models. 


4b, ] 3 ® FISHER GOVERNOR COMPANY 


Marshalltown, lowa | Woodstock, Ontario {| London, England 


BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT CO., CORAOPOLIS, PA 
SINCE 1880 
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Judging by 
the Company 
We Keep 


... “the Company We Keep” being 
the largest to the smallest American 
Industrial Firms. All are served in 
the most critical area of modern busi- 
ness activity: the reduction of operat- 
ing cost and increase of production 
quality through automation. 
Electro-Mech Corporation has a 
single reason for being—the manufac- 
ture of Custom Control Systems for 
industry. Our customers require that 
their control system be individually 
tailored to the demands of their par- 
ticular plant operations. They often 
request our contribution in the selec- 
tion of overall control panel design 
and detailed construction techniques. 
Our engineering staff is always 
available to assist and complement 
your own Instrument Department 
personnel. This service is frequently 
requested in order to implement a 
tight job schedule or to relieve exces- 
sively burdened design and drafting 
facilities. 
Electro-Mech is the third member 
of your plant automation team: 
1. Your Instrument Department 
for engineering 
2. Your Instrument Company 
for components 
Electro-Mech Corporation 
for manufacturing 
Won't you join “the Company We 
Keep” and serve, W ith Control Panels 
by Electro-Mech? 
Your quotation 
vited. 


Electro-Mech Corp., Norwood. N. J. 


requests are in- 


Electro-Mech 
/ 


> 
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No Sleep at This Switch 


The March issue of the ISA Journal 
had a very interesting article by Les 
Driskell, entitled “What ISA Is Doing 
About Control Valves.” However, as 
chairman of the Engineering Standards 
Committee Control Valve Section of 
the Fluid Controls Institute, I believe 
it may be interesting to point out 
what FCI has done about control 
valves. 


As the result of eight years of 
extensive research and study, the Fluid 
Controls Institute accomplished the 
first step in their long range program 
to unravel the confusion on the sub- 
ject of Cv. This was the logical step in 
establishing a test procedure entitled 
“Recommended Voluntary Standards 
for Measurement Procedure for Deter- 
mining Control Valve Capacity.” This 
was adopted and released in November 
1958 as FCI 58-2 but has been used 
by many control valve manufacturers 
prior to that date. It has also been 
accepted by the US Government, in 
that this procedure is included in many 
government specifications on control 
valves. Acceptance has also found its 
way to Europe, where the same tests 
converted to the metric system are 
being used. (A copy of FCI 58-2 can 
be obtained from Fluid Controls In- 
stitute, Inc., P.O. Box 667, Pompano 
Beach, Florida, price 10¢.) 


Since 1959, the same committee has 
been working on the next step in this 
project which is the establishment of 
“Recommended Voluntary Standard 
Formulas for Sizing Control Valves.” 
While this is still in committee, con- 
siderable progress has been made and 
at a much more rapid pace than on 
the previous standard. 


The member companies of the FCI 
have a very substantial investment in 
test facilities and even a greater in- 
vestment in research and tests on 
valves which probably represents many 
million dollars. The committee is com- 
posed of engineers who have made a 
career of research, design and applica- 
tion of control valves and present the 
greatest collective experience on this 
subject that could be represented on 
such a committee. 


As chairman of this group, I believe 


that the least I can do to reward the 
members of this hardworking group 
for their untiring efforts is to request 
equal space for this letter to inform 
the “users” of control valves that the 
manufacturers have been working 
quite hard on centrol valves. They will 
continue to do so because that is the 
business in which they are engaged. 


This letter is not written as a criti- 
cism of Les Driskell’s article, but 
rather a supplement lest the reader 
feel that the manufacturers are “sleep- 
ing at the switch.” Nay, they are more 
alert than ever toward providing better 
equipment, service and_ technical 
“know how” in this complex business. 


Albert J]. Hanssen, chairman 
Engineering Standards Committee 
Control Valve Section 

Fluid Controls Institute, Inc. 


(Conoflow Corporation) 


Education vs. Mental Blocks 


I wish to compliment you for the 
excellent and timely editorial “Win- 
ning a Losing Battle,” in the April 
1960 ISA Journal. You have aptly 
expressed the feelings of many of us 
at Librascope who are sharing the 
burden with other computer manu- 
facturers of educating instrument and 
control engineers about computers. 


We find in some cases there is a 
sort of “mental block” holding back 
the plant control engineers from learn- 
ing computer capabilities even when 
their top management is foresighted 
enough to recognize the inevitable ac- 
ceptance of computers in process 
control. 


The part you and the ISA Journal 
are playing in the exchange of views 
and information in this field is greatly 
appreciated. 

Joe T. Ator, Director 
Industrial Systems 
Librascope Division 
General Precision, Inc. 


Burbank, California 





some of the curves you CAN’T get with 





i CONTROL VALVES 
































BUT YOU CAN GET JUST ABOUT ANY 
OTHER CURVE YOU LL EVER NEED! 


Breathes there an engineer with data so pre- 
cise to permit him to predict positively the re- 
quired characteristic of a control valve ... an 
engineer whose process problems follow a pattern 
easily solved with a control valve following a 
standard throttling curve? 


If your control valve difficulties present baf- 
fling complexities, here’s the control valve for you! 


Get the complete story on DeZurik Control 
Valves from the DeZurik representative in 
your area, or write today for Bulletin 150 
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POSITIONING CAM 


= CONTROL LOADING 
AIR PRESSURE 


CAM FOLLOWER 


The positioning cam in the positioner is 
easily changed to vary the throttling char- 
acteristic. Cams can be supplied to produce 
virtually any desired curve, or they can be 
cut “on the job” to produce a characteristic 
tailored to the installation. 


This DeZurik Control Valve can be characterized 
right on the job. . . and without replacing any 
valve parts, without interrupting service, without 
opening the valve itself! 

Simply by replacing a cam in the positioner 
this DeZurik Control Valve behaves in an en- 
tirely different way becomes, in effect, a 
different valve! 


|DY=VAti-34,08 


(Ole) =3=10)- F- Ween) 
SARTELL. MINNESOTA 
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The Westinghouse Electric Corp. used a Honeywell 
Model 906 Visicorder to make this directly-recorded 
chart of oil film thicknesses on the bearing pads of a 
67,500 KW water-wheel generator supplied for Chief 
Joseph Dam at Bridgeport, Washington. In these tests, 
design engineers at Westinghouse wanted to ascertain 
bearing lubrication factors (oil film thicknesses) as a 
function of rotation and speed. 


Bearings are designed so that as the water wheel gener- 
ator comes up to speed, oil is carried mechanically over 
the bearings, and develops a film thickness that varies 
from .002 to .005 inches. Film thicknesses at the leading 
edge, center and trailing edge of one bearing pad were 
relayed by magnetic reluctance thickness gauges to the 
Visicorder. The thickness of the film at each of these loca- 
tions as the bearing passed through each six degrees 
of rotation are represented by traces #6, 5, and 4 on the 
chart. Thicknesses as revealed by the test were proved 
to be close to the predicted design values. 


Stephen Chai and Glenn Cooper, Westinghouse development engineers, calibrate 
the Visicorder and other equipment used in water wheel generator tests. 


The Visicorder was selected for these tests because, 1) 
high galvanometer sensitivities made the use of ampli- 
fiers unnecessary, 2) immediate readout was highly 
desirable and, 3) the portability and ruggedness of the 
instrument were helpful. 





oil-film thicknesses 





Recent Models of the 906 Visicorder 
incorporate time lines and grid lines 
and record up to 14 simultaneous chan- 
nels of data. 


The NEW Model 1108 Visi 
corder, with many automatic 
features and the convenience of 
pushbutton controls, is ideal for 
intermediate uses requiring up 
to 24 channels of data 


The Model 1012 Visicorder is 
the most versatile and conven- 
jent oscillograph ever devised 
for recording as muitv as 36 
channels of data. 
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The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high- 
frequency, high-sensitivity, direct-recording ultra-violet 
oscillography. Here are some of the reasons why Visi- 
corders provide the most accurate analog recordings 
available: constant flat response and sensitivity of gal- 
vanometers; grid-lines simultaneously recorded with 
traces to guarantee exact reference regardless of possible 
paper shift or shrinkage; flash-tube timing system for 
greater accuracy of time lines; superior optics for maxi- 
mum linearity of traces. 
No matter what field you are in... research, development, 
computing, rocketry, product design, control, nucleonics 
. the high-frequency (DC to 5000 cps) Visicorder 
oscillograph will save you time and money in data 
acquisition. 
Call your nearest Minneapolis-Honeywell Industrial Sales 
Office for a demonstration. 


Reference Data: Write for Bulletins 1108, 1012, and HC906B 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 FE. Evans Avenue, Denver 22, Colorado 


ERING THE FUTURE 


Honeywell 
| Qudustiiol Products 


| wOntrety 
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Major Features 


@ Single channel, 10 calibrated ranges with 
continuously variable adjustment between 
ranges: 
® Calibrated volt and ampere ranges: 

10 mv. 1 pa. 

0.1 v. 10 pa. 

lv. 0.1 ma. 

10 v. 1 ma. 

100 v. 10 ma. 
© 4 times chart width zero suppression in 
either direction. 
@ Chart speed of 1 in/hr and 15 in/hr. 
Eight optional speeds by a simple gear 
change. 
© Pressure sensitive chart paper. No warm- 
up. Ready to record. 
®@ Weighs only 11 pounds. Measures 91%2”x 
SY2"x7”". 


Circle number below 
on reader service 
card for complete 


specifications. 


is YELLOW SPRINGS INSTRUMENT CO., INC 





HH YELLOW SPRINGS, OHIO 
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Measuring Inside Tiny Tubes 





Figure 1. Thick- 
ness gage con- 
sists of electrical 
circuitry, stain- 
less steel tube 
and probe, and 
pistol-grip han- 
dle. Note refer- 
ence samples in 
foreground. 


~ 
Two miniaturized gages, de- 
signed for the Army by the Na- 
tional Bureau of Standards, use 
the reflected field from induced 
eddy currents to accurately 
measure the coating thickness 
inside small-diameter tubes. The 
internal coatings in 0.3- and 0.5- 
inch tubing, several feet long, 
can be measured with a resolu- 
tion of less than 0.1 inch. 
Capable of making nonde- 
structive and very localized 
measurements, the gages were 
designed primarily for controll- 
ing the chromium plating in the 
bores of small gun barrels. More 
important to general industry, 
applications can be found in 








most chemical and process sys- 
tems where small tubing is in- 
volved. 


To operate (Figure 1), a 100- 
ke oscillator supplies power to 
a bridge circuit, one arm of 
which is formed by a probe coil 
in parallel with a tuning capac- 
itance. The alternating current 
in this coil induces an eddy cur- 
rent in the coating when the 
coil and coating are brought into 
contact. The induced eddy cur- 
rent, a function of the coating 
thickness, is measured indirectly 
through the effect of its mag- 
netic field which opposes that of 
the inducing current. Opposition 
of the two fields lowers the im- 











Figure 2. Dia- 

gram of _ thick- 

ness gage. A. 

Pistol-grip han- EE 
dle section. B.  S>>>>\\ 
Probe-coil sec- Widener 
tion. , 














pedance of the probe coil; and a 
microammeter, calibrated in 
thickness, indicates the degree 
of bridge unbalance. 

The two gages are similar me- 
chanically; however, the support 
for the probe coil of the 0.3-inch 
model is necessarily smaller than 
that of the 0.5-inch one. Both ba- 
sically consist of a pistol-grip 
handle connected to a tubular 
shaft (Figure 2). In operation, 
this shaft is inserted into the 
tube to be measured. Mounted 
inside the shaft, near the end 
opposite the handle, is the probe 
coil, its axis perpendicular to 
the shaft. A push-rod passes 
through the shaft to a cam be- 
hind the probe coil. When the 
trigger in the handle is de- 
pressed, the probe-coil tip is 
moved into contact with the 
coating being measured. Through 
an electric network to which the 
probe is connected, the micro- 
ammeter measures the change 
in current. 

Designing the probe coil, it- 
self, was no easy task! Since the 
lands (raised portions) in the 
gun barrels were only about 
0.06-inch wide, the coil field had 
to be limited to a diameter ap- 
proaching this value. To fit into 
the specified available space, 
however, the coil was restricted 
to a maximum diameter of 0.125 
inch and a length of 0.15 to 0.20 
inch. 


The maximum thickness range 
of the gages was not determined. 
But since the calibration curve 
is nearly linear up to a thickness 
of about 0.008 inch, it is not un- 
likely that considerably greater 
thicknesses, possibly up to 0.015 
or 0.020 inch, can be measured 
successfully. 
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USING 


STRAIN 
GAGES? 


Information from strain gages and many 
resistive, capacitive, and inductive trans- 
ducers can be displayed on the face of a 
cathode-ray tube ... with the Type Q 
Plug-In Unit and any Tektronix Plug-in 
Oscilloscope. 


PRESSING FORCE — TONS 


You get a detailed picture of this information 
plotted against time, from which accurate meas 
urements can be made with ease. The illustra 
tion, a plot of a press stroke, is an example of 
a quality-control application 


100 «200300 400 
TIME IN MILLISECONDS 
\ 


\ 

\ It's quite likely that your lab is already equipped 
with one or more Tektronix Plug-In Oscilloscopes. 
If so, the only additional expenditure will be the 
price of a Tektronix Type Q Plug-In Unit—$300 
f.o.b. factory 


The Type Q Unit plugs directly into these oscillo 
scopes: Tektronix Types 531, 531A, 532, 533, 
535, 535A, 536 (for X-Y plots), 541, 541A, 543, 
545, 545A, 551 and 555 (dual beam), and all 
their rack-mounting versions. It can also be used 
in the Type 81 Plug-In Adapter with both the 
Type 581 and Type 585, and in the Tektronix 
127 Preamplifier Power Supply with any stand 
ard laboratory oscilloscope and many other 
readout devices. 


Maximum sensitivity of the Type @ is 10 micro 
strain /division when used with a single strain 
gage with a gage factor of about 2. Frequency 
range is dc to 6 kc (3 db down), with excellent 
transient response. 


For complete information, or 
assistance with strain-gage and other 
transducer readout problems, please 
call your Tektronix Field Engineer. 


Tektronix, Inc. 


P. O. Box 500 + Beaverton, Oregon 
Phone Mitchell 4-0161 + TWX—BEAV 311 + Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. Atlanta, Go. « Baltimore (Towson, Md.) « Boston (Lexington, Mass.) « 
Buffalo, N.Y. e Chicago (Pork Ridge, II!.) e Cleveland, Ohio e Dallas, Texas e Dayton, Ohio e Denver, Colo. « Detroit (Lothrup 
Village, Mich.) e Endicott (Endwell, N.Y.) e Greensboro, N.C. e Houston, Texas e Kansas City (Mission, Kon.) e East Los Angeles 
Calif. e West Los Angeles, Colif. e Minneapolis, Minn. e New York City Areo (Albertson, L.1., N.Y. e Stomford, Conn. « Union, NJ 

e Orlando, Fla. e Philadelphic, Po. e Phoenix, (Scottsdale, Ariz.) e Poughkeepsie, N.Y. e Son Diego, Calif. « Son Francisco (Pol 

Alto, Calif.) e St. Petersburg, Fla. e Syracuse, N.Y. e Toronto (Willowdale, Ont.) Canada e Washington, D.C. (Annandale, Vo 

TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics; Portland, Oregon « Seattle, Washington. Tektronix 
1s represented in twenty overseas countries by qualified engineering organizations 

In Europe please write Tektronix Inc., Victoria, Ave., St. Sampsons, Guernsey C.l., for the address of the 
Tektronix Representative in your country. 
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graphic recorder design. 





sets a new standard. of — 


} 


Versatility, Accuracy, 
Reliability and Economy! 





MODEL JY-100 


Engineered specifically for modern laboratories 
with all the features you've wanted... now only $320. 


SOME OUTSTANDING FEATURES 


e@ Null balance servo type. 


@ Response time 14 second full-scale 
in standard model. 


® Sensitivity 144% of span with zero 
adjustment anywhere on chart. 


© 14% accuracy. 


@ Available with step attenuator to 
max. 100 v. 


© 10 mv full scale sensitivity. 
® Floating input 


@ Max. signal source resistance of 
100K on 10 mv position. 

@ Multiple chart speeds from 1 in/hr 
to 16 in/min. 

@ 5 inch chart. 

© Designed to serve a wide variety of 
recording needs, for addition of 
special accessory and optional 
equipment, and for adaption to spe- 
cial applications. 

e Compact cabinet and rack mount 
models. 


WRITE FOR COMPLETE SPECIFICATIONS 


e€SCO- 


DESIGNERS AND MANUFACTURERS OF PRECISION INSTRUMENTS 
638 WEST 17TH STREET, COSTA MESA, CALIFORNIA; i aut 


a 
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SCANNING 


COMPUTERS 





4 


New Packard Bell Computer 


On May 2, Packard Bell Com- 
puter Corporation, a subsidiary 
of Packard Bell Electronics in 
Los Angeles, introduced their 
PB250 general-purpose digital 
computer. According to litera- 
ture the 30” x 19” x 24” size 
computer is priced at $30,000 
and provides computing speeds 
in the microsecond range. 


Specifications qualify the com- 
puter for either on-line or off- 
line applications. It is a serial- 
operated binary machine with 
single address and internally 
stored program. Operational 
speeds are listed as: add and 
subtract 12 microseconds, multi- 
ply 276 microseconds, divide 252 
microseconds, and square root 
252 microseconds. These times 
are quoted for a word consisting 
of 21 bits plus sign. Floating- 
point operations with a 37-bit 
mantissa and a 17-bit character- 
istic require less than 3 milli- 
seconds. 


Average access time is listed 
as 1,540 microseconds; the aver- 
age access time to the fast mem- 
ory is 96 microseconds; and max- 
imum operational rate is 40,000 
instructions per second. The 
number of commands is 46. The 
memory is the magnetostrictive 
delay-line type, with normal 
storage capacity of 1,808 words. 
This can be expanded to 15,888 
words internal storage at extra 
cost. Also 16,384-word capacity 
can be had with an external 
core memory system. 


Standard input-output equip- 
ment includes: automatic alpha- 
numeric typewriter, paper-tape 
punch and reader, 32 control out- 
puts, 30 control inputs, and an 
85 ke word-rate block input-out- 
put unit. Many optional input- 
output units such as analog and 
digital converters, and punched 
card equipment are available. 


Programing should be rela- 
tively simple by use of single- 
address instructions, command 
indexing, and automatic double- 
precision operations. The unit 
weighs only 110 pounds and is 
totally of solid state construc- 
tion. 














Compact 4-way 


SKINNER 


Solenoid Valves 





assure precise cylinder control — 





Here’s how accurate, dependable 
operation is built into 
SKINNER 4-way solenoid valves 


@ Precise flow control—by adjustable metering 

@ Compact, direct acting—two 3-way valves in one housing 

@ Durable and corrosion resistant—stainless steel internal parts 

@ Leakproof, bubbletight sealing—soft, synthetic inserts 

@ Positive operation mounted in any position—spring-loaded plungers 

@ Underwriters approved—wide selection of coils, voltages and frequencies 
@ Wired from front or rear—housing easily reversed 

@ Adaptable to many uses—optional porting arrangements 


A. Transparent view of 4-way solenoid valve 8B. Plunger 
C. Plunger return spring OD. Sleeve €. Coil 


SKINNER four-way solenoid valves 
available in three basic types 





V9 SERIES SPECIFICATIONS 


Media—air, hydraulic oils, inert gases 
Orifice Diameter—%a", “ie”, 
Pipe Size—'4" NPTF 
Maximum Operating Pressure Differential—O to 150 PSI 
(up to 225 PSI also available) 

Temperature Range—minus 40°F. to plus 180°F. 

Cy Factor—%4" .052, Ye" .095, 2” .156, 4%" .214 


Mounting—'4" through-bolt holes. 


2 ”" 1 ” 
¥32", Ve 











Normally closed—normally closed V933 
valves with a neutral position. Generally ap- 
plied on double-acting cylinders where the 
piston is in a neutral position without pressure 





The Skinner V9 solenoid valve is 
two 3-way valves in one compact 
housing. Both valves may be inde- 
pendently controlled and metered to 
provide accurate, dependable control 
of single- or double-acting cylinders, 
or larger pilot-operated valves. 

V9 types are available without 
adjustable flow and with metering 
at both exhaust ports, both inlet 
ports or full metering of all ports. 

ee o - 
For complete information, contact 
a Skinner Distributor listed in the 
Yellow Pages or write us at the 
address below. 


when both coils are de-energized. This permits 
manual shifting of the piston without operating 
the valve. 


Normally open—normally open V955 valves 
with a neutral position. Generally applied on 
double-acting cylinders where both sides of 
the piston are to be open to pressure when 
both coils are de-energized. Under certain con- 
ditions, the first operating stroke of double- 
acting cylinders will be smoother with this 
valve in use. 


Normally closed—normally open V935 valves 
with no neutral position. Generally applied on 
double-acting cylinders where the piston is to 
be in retracted or extended position with pres- 
sure when both coils are de-energized. Wiring 
is simple—both coils are operated simulta- 
neously and can be controlled by one single- 
pole, single-throw switch. 




















When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


“yO SKINNER VALves 


SKINNER ELECTRIC VALVE DIVISION, 
THE CREST OF QUALITY THE SKINNER CHUCK COMPANY e¢ NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S A 








>@- BRISTOL'S -> 


Series 624 a/p* pneumatic controller features 
simplicity and high control stability 


® Simple modular design for ease of servicing 
@ High control stability for closer process control 


® Designed for batch-type and continuous f.rocesses 


® Proportional and proportional-pius-reset control 


models available 


Top control performance with maximum simplicity plus 
standard Bristol precision measuring elements — those are the 
key features of the Bristol Series 624 Controller. The 624 
uses the same renowned elements that have earned such a 
reputation for accuracy and dependability on other Bristol 
automatic controlling and recording instruments — perfected 
through wide experience and many years of development. 


Self-contained modular design of the control unit speeds 
servicing. The whole modular unit, consisting of an aluminum 
casting with working parts made of stainless steel, Ni-Span C, 
and Neoprene diaphragms, can be removed by taking out 
only two screws and a link. 

Outstandingly compact, the aluminum instrument case 

(only 8” x 8” x 5” overall) is completely weatherproof. It is 
designed for either flush, surface, panel, or valve mounting. 
Attachments for pipe mounting (2-inch pipe) are available. 
Write for complete data on the versatile and economical 

624 A/D. The Bristol Company, 129 Bristol Road, o.3s 
Waterbury 20, Conn. 

*Advanced Design 


CONTROLLERS OFFERED FOR: 


PRESSURE AND VACUUM: Ranges from full 
vacuum to 10,000 psi. 

TEMPERATURE: Ranges from —100°F to 
4+-1000°F. 

FLOW AND DIFFERENTIAL PRESSURE: With 
mercury-type manometer and dry-type differential 
unit. 

LIQUID LEVEL: With bulb unit and mercury mano- 
meter and dry-type differential unit. 

HUMIDITY: Zero to 100% relative humidity. 


CONTROL UNIT CHARACTERISTICS: 


PROPORTIONAL BAND: 0-400 continuously ad- 
justable, direct- or reverse-acting. 

RESET: 0.1 to 50 repeats per minute. 

AIR PILOT: Non-bieed type. 

PILOT CAPACITY: 4.0 scfm. 

FREQUENCY RESPONSE: Fiat to 400 cycles per 


* minute. 


TEMPERATURE STABILITY: Less than 0.1% 
change in the output pressure for 90°F tempera- 
ture change. 

MATERIAL: Aluminum housing; 316 stainless 
steel internal parts; Ni-Span C feedback element. 


oS a | & ' oO L ...for improved production through measurement and contro! 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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HONEYWELL SINCE 18865 


Honeywell Control Valves give you many special 
advantages—described in an informative new 

booklet, ‘‘What's in it for you?’’. Write today for your 
copy. MINNEAPOLIS-HONEYWELL, Fort Washington, Pa. 
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Photograph taken at Johnson & Johnsor 
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Herodotus, the historian, 
records (490 B.C.) the use 
of burnished shields for 
military signaling. This 
was the forerunner of 

the heliograph, invented 
by Sir Henry C. Mance, 
which came into wide use 
centuries later. 


mate Beit OF SPACE TECHNOLOGY IN 


COMMUNICATIONS 


Lockheed’s interest in developing the science of communications extends from the 
depths of the oceans to deep space. Its Missiles and Space Division research programs 
deal with the development and application of statistical communication and decision 
theory in such areas as countermeasures; telemetry multiplexing and modulation; 
scatter communications; multiple vehicle tracking; millimeter wave generation and 
utilization; sonic signal detection and processing; avoidance of multipath degradation; 
and interference avoidance. 

Associated research and development efforts are directed toward propagation 
studies and advanced antenna design; low noise amplifiers; vehicle borne signal trans- 
mission and reception, data storage and processing; solid state materials and devices. 

The scope of such activities extends from advanced studies of naval communica- 
tion problems on and under the oceans; the many applications to satellite vehicles; 
on to the specialized communication problems of deep space explorations. Latter 
needs are exemplified by high frequencies, low weight and power, high stability, low 
effective bandwidth, extreme reliability and basic simplicity requirements. 
Engineers and Scientists: Investigating the entire spectrum of communications is 
typical of Lockheed Missiles and Space Division’s broad diversification. The Division 
possesses complete capability in more than 40 areas of science and technology — from 
concept to operation. Its programs provide a fascinating challenge to creative engi- 
neers and scientists. They include: celestial mechanics; communications; computer 
research and development; electromagnetic wave propagation and radiation; elec- 
tronics; the flight sciences; human engineering; magnetohydrodynamics; man in space; 
materials and processes; applied mathematics; oceanography; operations research and 
analysis; ionic, nuclear and plasma propulsion and exotic fuels; sonics; space medicine; 
space navigation; and space physics. 

If you are experienced in work related to any of the above areas, you are invited 
to inquire into the interesting programs being conducted and planned at Lockheed. 
Write: Research and Development Staff, Dept. F-24, 962 W. El Camino Real, 
Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial secu- 
rity clearance required. 


LGERREED sissies AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM;; 
the Air Force AGENA Satellite in the DISCOVERER, 
MIDAS and SAMOS Programs; Air Force X-7; and Army KINGFISHER 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA « ALAMOGORDO, NEW MEXICO « HAWAII 











DESIGNED FOR RELIABILITY THROUGH 
WESTON “UNITIZED” CONSTRUCTION 








PEAK PICKING RECORDER FOR 
GAS CHROMATOGRAPHY 
SPEEDS ANALYSIS... 
SIMPLIFIES PROCESS CONTROL 


Weston Peak Picking Recorders are now serving the 

chemical and petroleum industries in critical applications for 

gas chromatography. They are also valuable for other uses 

where peak height is an important factor. 

Simplified analysis is provided with the Model 6707 Recorder 
since only peak heights are indicated. Successively numbered points 
are printed on a slowly moving chart. Result: many hours of stream 
data are immediately available for study in the recorder window. 
Extremely versatile, this multi-point instrument can handle as 
many control and transmission signals as there are stream 
components. And it is often used in conjunction with control 
systems, data loggers and computers. It can be fitted to protect against 
disappearing components and false peaks. 

Other features include electronic peak detection; plug-in amplifier; 
easily replaceable range standards; and an exclusive 

D-PAK (T.M.) that eliminates standard cells, batteries, and 
standardizing mechanisms. The compact recorder is housed in a 
rugged, dust-resistant case which permits universal mounting — 
panel, wall or table. 

Ask your local Weston representative for complete information on 
the Peak Picking Recorder and other instruments for industry, 

or write for Catalog 08-101. Weston Instruments Division, 

Daystrom, Inc., Newark 12, New Jersey. /nternational Sales Division, 
100 Empire Street, Newark 12, New Jersey. 

In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ontario. 











Available in 2, 10 or 20-second carriage 
speeds across full 10-inch scale. Points: 2, 
3, 4, 6, 8, 12. Chart speeds: Multiple—1 
to 24 inches per hour; Single—24 to 960 
inches per hour. Operation: 115 volts, 60 
cycles; or 115 volts, 50 cycles. Optional 
features include: alarm contacts, pen 
dragger, and time operation pen. 


ag, 
DAYSTROM , , incorrorated 


t WESTON INSTRUMENTS DIVISION 
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Showdown 


EDITORIAL 





United States leadership in the world arena of economics and industry is noc 
in question today. But our position 10 or 20 years from now is an important 
new question. If you have any doubts that we are threatened, toss aside your 
complacency, because a showdown of economic prowess between the US and 
Russia is shaping into a long-term battle. There's little doubt that Khrushchev 
figures that time is on his side, and consequently calculates that Americans will 
grow weary as the economic war smolders just beneath the level of public 
awareness. Unless we bolster our defenses, the seemingly-strong United States 
economic fortress will be nothing but an empty shell, eroded by Soviet com- 


petition. 


If Russian industry continues to grow at its present high rate of about 9% 
per year the United States surely will be overtaken since our production increases 
at the relatively low rate of about 4% per year. The serious aspect of these 
figures is that Russia devotes a significantly greater proportion of their gross 
national product to military ends and to production of industrial goods for 
direct competition with US goods in the world market. While we concentrate on 
consumer goods, the Soviets concentrate on goods to improve their world 


economic position — at the expense of comrade Ivan’s comfort. 


We hope that our armed forces and military preparedness are sufficient 
However, it is plain that a nation might fail to survive the test of non-military 
competition owing to loss of economic vitality, the will to work, and confidence 
in the moral supremacy of the voluntary system of organized production. In a 
free society, where the State cannot coerce its consumer constituents, an economic 
“surplus” doubtless is necessary to sustain an adequate military and scientific 
activity. Strategy in this decade relates to fiscal integrity and industrial efficiency 
as well as to scientific leadership and military readiness. Businessmen and 


engineers also are on the battleline of defense. 


At the same time the Soviets are running a showdown game with the US world 
economic position, we face other threats which make the problem more acute. 
Our friends in Europe and Asia are giving increased competition; domestic 
inflation and weakening of the dollar make it more difficult to compete; and the 
gradual replacement of the “work ethic” for the pursuit of pleasure by millions 
of Americans weakens the moral fiber of our nation. We are slowly taking on the 
philosophy that we have a license on survival with two TV's, two cars and a 


guaranteed 25-year mortgage! 


Now is the time for reflection. The instrument manufacturer and the users of 
industrial instruments have a big stake and a big responsibility. Let us not be 
lured into the trap that our government can guarantee protection in a world 
market that is less inclined to accept our terms. Let us not throw the future of 
our business and our children to the wolves just to make a “fast buck” today. 


If we recognize the problem now, our showdown with Russia might have a happy 


Chee ta 


Edstor 


ending for us. 
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big is happening in industrial flowmetering: by quick count, no less thau 
11 firms have marketed new mass flowmeters in the past two years! To keep its readers 
hep to this sudden new development in the old field of flow measurement, ISAJ herewith 
reviews mass flow: what it is, why it's important, and how it's measured. 

First of all, what is mass? Mass is a measure of the quantity of matter in a body, and 
is determined by comparing velocity changes that result when that body hits a body of 
standard (known) mass. It is one of the three fundamental quantities—length, mass and 
time—on which all physical measurements are based. It is erroneous to think of mass and 
weight as identical. Weight is the measure of the effect of earth's gravity on mass: weight 

varies slightly over the surface of our world, and it 
becomes meaningless in an orbiting satellite, in 
weightless space, or on the surface of another planet. 
So space-age instrumentmen had better rid them- 
selves of this misconception. But mass remains the 
same, whenever and wherever it’s measured. 

Secondly, why is mass flowmetering important? 
Ask yourself: “What do I really want when | meas- 
ure flow rate? What should the ideal flowmeter 
measure?” What the instrument engineer wants (and 
today often must have) is not simply volume/time— 
cubic feet ‘minute, or barrels/hour. He really wants 
mass/time—mass flow rate. That's why he puts the 
“s” in scfm, and why he puts all the other qualifying 
statements about pressure, temperature, density, su- 
percompressibility, etc. into his expressions for vol- 
umetric flow rates. 

The auxiliary instruments for measuring these 
qualifiers—pressure gages, thermometers, etc.—add 
complexity, unreliability, inaccuracy and higher costs 
to volumetric flowmetering. And the computations— 
chart integrating, correction factors, multipliers—are 
expensive, time consuming and prone to human error 

In the microminiaturized, featherweight world of space-age instrumentation there'll be no 
room for “auxiliaries:” nor will there be communication channels, computer time or mem- 
ory capacity for any extraneous data. 

The obvious way to rid our flow measurement of all these inaccuracy-breeding quali- 
fiers is to measure mass flow itself—directly, and in the first place. 

The first people to use this obvious method were the aeronautic instrument engineers 
The energy content, and hence the range capability, of missile and aircraft fuels is a func- 
tion of their mass rather than their volume. And fuel volume can change as much as + 10% 
under service conditions met in flight. Thus, it is the fuel energy content that is involved 
in modern missile and airplane loading and flight-planning practice—not its volume 
So, as long ago as 1952, compact, lightweight and reliable turbine mass flowmeters were 
commercially available for aeronautic use. 

But these advantages of mass flow measurement certainly are not confined to aero- 
nautics. Chemical processes, too, are governed by the mass of material in reaction—not 
the volume; and the heating or cooling effect of a steam, air or gas stream is proportional 
to its mass flow, not its volume flow. With today’s tighter process quality control and nar- 
rower profit margins, mass flowmetering rapidly is becoming economically necessary in 
many fields. Already, in just two or three years, it has been adopted in these industries 
natural gas—from well site to consumer sale, mining, cement, heavy chemical, sewage 
disposal, food. It seems the preferred flowmetering method for cost accounting, yield meas- 
urement, blending processes, energy (Btu) flowmetering, and all bulk loading and fueling 
procedures. 

In this ISAJ review of industrial mass flowmetering, Parts I and II will help you under- 
stand the different mass flowmeter working principles, and Part III will aid you in se- 


lecting the best hardware for your job. 





MASS FLOWMETERS 


A New Tool for Process Instrumentation 


Parts | and li are by 
CHARLES M. HALSELL (Member of ISA) 
Project Supervisor 
Central Research & Development 
Black, Sivalls & Bryson, Incorporated 
Oklahoma City, Oklahoma 


THE MANY ADVANTAGES of 
mass flow measurement as compared 
to simple volumetric flow measure- 
ment cannot truly be appreciated until 
one clearly understands the meaning 
of the word mass. Webster's dictionary 
defines mass as: “1. A quantity of 
matter ... 3. Magnitude, size ...6. Phy- 
sics; A measure of a quantity of matter 
in a body as determined by comparing 
the changes in the velocities that re- 
sult when the body and a standard 
body impinge.” From this we can 
extract the pertinent meaning: Mass 
is a measure of the quantity of matter. 


Mass is independent of the physical 
properties of the matter itself, and is 
independent of the ambient conditions 
in which the measurement is made. 
Such is not true of volumetric measure- 
ment of matter — the measure that is 
most widely accepted by the average 
person. 


Some Necessary Definitions 


While any instrument with a scale 
reading in units of weight per unit 
time conceivably could be called a 
mass flowmeter, such a loose definition 
(already applied in isolated cases) ob- 
viously is inadequate in view of the 
true meaning of mass as above defined. 
Such loose terminology could result 
in much confusion among flowmeter 
users and in the inclusion under the 
term of a variety of instruments which 
would measure mass flow rate only 
when operating under certain rigidly- 
prescribed conditions. 


To more accurately circumscribe this 
subject, at least for the purposes of 
this discussion, the following defini- 
tions are needed: 

1. Mass Flowmeter. A flow measuring 
device in which the reaction of the 
sensing element is (nominally) propor- 
tional to true mass flow rate. 

2. Inferential Mass Flowmeters. A 
volumetric flow rate measuring device 
the output of which is converted to 
mass flow by compensation(s). (The 
word inferential is defined by Webster 
as “Deducible through logical conclu- 
sions from given data or premises.”) 

By implica~‘on, the term “mass” in 
these definitions can be interpreted 
to mean mass, and only mass. That is 
to say: If a device is to be included 
under these two definitions, its final 
output signai should be substantially 
independent of such physical proper- 
ties of the flowing material as pressure, 
temperature, Reynold’s number, viscos- 
ity and density; and substantially in- 
dependent of the ambient conditions 
such as temperature, humidity and 
barometric pressure. 


Mass Flowmeter Advantages 


A mass flow measuring instrument 
has many advantages: it is not neces- 
sary to apply to its indications numer- 
ous theoretical and empirical correc- 
tions. 

To illustrate the complexity of ap- 
plying the conventional orifice meter 
to measurement of natural gas, the 
American Gas Association Report No. 
3 lists separately these six factors that 
must be applied: 1. static pressure, 
2. differential pressure across the ori- 
fice, 3. flowing temperature, 4. the 
specific gravity of the stream, 5. the 
size of the orifice run, and 6. the size 
of the orifice plate. 

By mass flow measurement, plant 
or process balances can be made di- 
rectly without converting the normal 
volume flows to pounds or equivalent 


barrels. For control or transmission, 
only one signal — the output signal of 
the instrument — need be detected 
and operated on. Also, integration or 
flow totalization is simplified, as only 
one variable need be integrated with 
respect to time. In a mass flowmeter, 
compressibility (deviation from ideal 
behavior) also is automatically taken 
into account. 


Fundamental Equation 
of Mass Flow 


Many mass flowmeters and all in- 
ferential mass flowmeters work on this 
basic equation for mass flowrate: 


M = ApV (1) 


where M = mass flow rate 
p = flowing density 
V = flowing velocity 
A= cross sectional area of the 
channel 


If the channel area is constant, it is 
necessary only to detect the product 
pV. Note carefully that this product 
represents the momentum m, of the 
stream per unit of cross sectional area; 
thus, M = m A. Therefore, any meter 
which detects the instantaneous mo- 
mentum m is a true mass flowmeter. 

If however the meter detects the 
density p and velocity V, and mulkti- 
plies these two signals to give the 
product pV as the meter output, this 
meter is an inferential (compensated) 
mass flowmeter. 

Note that with transient or pulsat- 
ing flow, an inferential meter detects a 
time-averaged value of density p; and 
velocity, V;, while the mass flowmeter 
detects the time-averaged value of m,. 
It can be shown that: 


m, = (pV:)~ (pi) (Vi) = (2) 


In short, good averaging of transient 
flows should not be expected of in- 
ferential mass flowmeters. Admittedly, 
transient flowmetering would be the 
exception in the general applications. 
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PART I: BASIC TYPES OF MASS FLOWMETERS 


The Magnus Effect Mass 
Flowmeter, an Early Effort 


The earliest working model of a 
true mass flowmeter to be thoroughly 
evaluated was made by Prof. Dr. W. 
J. D. van Dijck and his associates at 
the Technical University of Delft, 
Holland. The program was begun in 
1941, and the first mass flowmeter 
was built about 1942 and designated 
“MSM1.” The initials are for Massa 
Stroon Meter, which is Dutch for mass 
flowmeter. It was designed to meas- 
ure liquid flow in a 3/4-in. line. The 
meter operates on the familiar Magnus 
(induced circulation) effect and may 
more properly be called a Magnus 
Effect mass flowmeter. For illustration 
of its theory of operation, see Figure 1. 


A cylinder located in the meter body 
divides the meter into two equal pas- 
sages. When the cylinder is at rest, 
the mass flow rate is equal in both 
passages and the pressure at point 1 
is equal to that at point 2. When the 
cylinder is rotated at constant speed, 
the peripheral velocity of the rotor is 
superimposed on the velocity of the 
stream. If rotation is clockwise as 
shown, velocity at point 1 is increased 
by the velocity of the periphery of 
the rotor, and the velocity at 2 is de- 
creased by the same amount. 


i— ee (3) 


where 














Figure 1. Operating principle of 
the first mass flowmeter — using 
the Magnus Effect —is explained 
by this simple sketch. 
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= fluid velocity at points 1 & 2 


= fluid velocity if the rotor 
were at rest 


V..= fluid velocity due to circu- 
Jation 


If we assume that Bernoulli's equa- 
tion can be applied, that is, steady flow 
exists (QV /O@t = 0), and that the fluid 
is homogeneous and incompressible 
(p = constant), we can write the 
following expression: 


P,+ i pV ;? = P2 + Ye pV 2" (5) 


By substituting Equations (3) and (4) 
and collecting terms, 


(P. — P;) = 2pV nV (6) 
Also, the mass flowrate can be written: 
M — 2p—V mA 


where A = cross-sectional area of one 
of the measuring passages: so that 


(P, — P;) = (M/A)V, 


Note that V, is constant if the speed of 
the rotor is held constant; for example, 
by a synchronous motor. 

The pressure difference could be 
measured by any of several conven- 
tional means; and since we have shown 
that this pressure difference should be 
directly proportional to the mass flow- 
rate, we have a meter that is truly a 
mass flowmeter. 

Van Dijck’s original meter is shown 
in Figure 2. Although the results ob- 
tained from MSM1 were not as linear 
as the equation would predict, they 
were promising enough under some 
conditions so that an MSM2 of the 
same size, but with a different en- 
trance, was constructed. This device 
was essentially linear at certain speeds. 
Results of tests conducted under con- 
ditions of pulsating flow agreed fairly 
well with steady flow calibration, al- 
though we have already noted Ber- 
noulli’s Equation is invalid for non- 
steady conditions. 

A third and larger meter MSM3 was 
not as linear as MSM2. But it did have 
one unique curve within several per- 
cent between 5 and 35 centistokes 
viscosity. It gave only fair results under 
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Figure 2. Cross section of van 
Dijck’s original Massa Stroon 
Meter “MSM1” built in 1942. 


pulsating flow conditions, the maxi- 
mum difference never exceeding 8%. 
The last work on this meter was re- 
ported before the Fifth Annual ISA 
Convention, September 12, 1950, by 
D. Brand and Dr. L. A. Ginsel (See 
ISAJ March 1951, pp. 34-37). The 
present status of this device is not 
known. 

A variation on the Magnus Effect 
mass flowmeter has been proposed by 
several authorities in which the /#ft 
on the rotating cylinder is measured. 
The lift can be shown theoretically to 
be directly proportional to the mass 
flow rate. This can be understood 
qualitatively in light of the previous 
analysis, since lift is simply the inte- 
gration of pressure difference distri- 
bution over the horizontal projected 
area of the cylinder. However, signifi- 
cant improvement over the original 
test would be surprising in light of the 
original findings which indicated that 
serious separation of the flow exists 
downstream of the cylindrical rotor. 


Momentum Mass Flowmeters 


Several types of mass flowmeters 
can be classed as transverse momentum 
mass flowmeters. All such meters are 





true mass flowmeters since the reaction 
of their primary element is propor- 
tional to the momentum of the stream. 
Each of these meters imposes on the 
fluid stream a momentum (velocity) 
transverse (at right angles) to the axial 
(longitudinal) flow of the stream. 
These transverse momentum meters 
can be classified as: 

1. axial flow 

2. radial flow 

3. gyroscopic 
Since each of these classes is basic, 
several variations on mechanical design 
and primary-element reaction-detection 
have been devised. Some variations 
will be discussed under each class. 

All these transverse momentum type 
mass flowmeters show at least theo- 
retical promise of measuring pulsating 
flow since all are based on the momen- 
tum theory, which is valid for transi- 
ent flow conditions. However, this is 
only the first criterion that must be 
met for a meter capable of measuring 
pulsating flow. In addition, the sensing 
element must be of such construction 


that it can: 


a. mechanically follow the pulsations, 


or 


b. provide an accurate averaging or 
time value of m;. 


1. Axtal-Flou 
Mass Flowmeter. A cut-away view of 
the primary section of the axial flow 
mass flowmeter is shown in Figure 3. 
(Often, this type meter also is called 
“angular momentum mass flowmeter.” ) 
Substantially all fluid flow passes 
through both the impeller and the 
turbine. The impeller and the tur- 
bine are geometrically similar cylin- 
ders mounted in a cylindrical flow 
conduit on an axis coinciding with the 
centerline of the conduit. Each element 
is mounted on a separate shaft. Both 
impeller and turbine are composed of 
several straight vanes located at the 
periphery of the elements and parallel 
to the centerline of the conduit. A 
method is provided for measuring the 
torque on the shaft of the turbine. If 
the impeller were locked (not rotat- 
ing), the torque on the turbine shaft 
should be zero. 


Transverse-Momentum 


Now suppose the impeller is rotated 
at some angular speed w. As the fluid 
stream enters the impeller, it is picked 
up and set to rotating at an angular 
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Figure 3. How 
the axial-flow 
transverse- 
momentum 
mass flow- 
meter works. 
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speed equal to the angular speed of 
the impeller. A stipulation to achieve 
this condition is that the vanes must 
be sufficiently long and spaced suffi- 
ciently close together. This imposed 
velocity results in the fluid stream 
having an angular (Or transverse) mo- 
mentum in addition to the normal 
axial-momentum of the stream 

Located adjacent to the impeller is 
the turbine. Since it is restrained and 
does not rotate, the turbine straightens 
the fluid stream; that is, the turbine 
removes all of the angular momentum 
from the fluid stream that was sup- 
plied by the impeller. 

The decoupling disk is stationary 
and not attached to either element. Its 
function is to eliminate viscous coup- 
ling between the impeller and turbine. 

Newton's Second Law as applied to 
the turbine is: 

T- dH (8) 
at 


where: T = torque on turbine shaft 


H = angular momentum of 
fluid stream 
t= time 
Referring to Figure 4 and examin- 
ing a differential fluid-particle whose 
mass is dm and which passes a refer- 
ence point 4 in the time interval dy, 
the angular momentum of this small 
mass can be expressed as: 
dH = odl (9) 
= angular velocity of the 
stream at the entrance of 
the turbine 
= mass moment inertia of 
dm about the axis of the 


impeller. 


The mass moment of inertia, d/ can 


be expressed as 
dl = k®dm (10) 


where & 
about the axis of rotation. 
For practical purposes, & is very 


radius of gyration of dm 


nearly equal to the distance from the 
axis of rotation to the center of the 
passages if the ratio — radial width of 
channels divided by distance from axts 
of rotation to center of passage is 
sufficiently small. Substituting equa- 
tion (10) into (9) and dividing by de: 
4H __—,,: dm 


wk~ (11) 


at at 


Note that dm /dt is the mass flowrate 
M. But dH /dt T by equation (8); 
so that: 


T = wk*M (12) 


The speed » is maintained constant 
and & is a geometrical constant so that 


[=CAM (13) 





aN _@ OF ROTATION 
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Figure 4. Principle of axial-flow 
type mass flowmeter is explained 
by examining behavior of a par- 
ticle of fluid. 
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Figure 5. How 
the “Coriolis” 
radial-flow 
transverse- 
momentum 
mass flow- 
meter works. : 








This equation shows that turbine-shaft 
torque is directly proportional to mass 
flow rate. Note that the final equation 
(13) was derived without referring to 
density or velocity of the fluid as such; 
so, Clearly, this device is a true mass 
flowmeter. 


Another advantage of the axial flow 
transverse-momentum meter is that it 
can be designed in several different 
fashions to eliminate dynamic seals. 
The impeller motor can be enclosed 
in the stream, or motion can be trans- 
mitted through the conduit by mag- 
netic couplings. 


Detection of the turbine torque is 
the most obvious, direct approach to 
using Equation (13) since a simple 
linear relation is obtained. However, 
an alternate scheme which has been 
used results from rewriting Equation 
(12): 


T — 
k?M 


This illustrates that if torque is main- 
tained constant, then impeller speed 
must vary inversely as the mass flow 
rate. In this scheme, motor speed 


(14) 


eo = 





dA = CROSS~ SECTIONAL es 


com | 
V > | 


—Ib—ar | 


ye 
































Figure 6. Explanation of radial- 
flow mass flowmeter. 
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must be detected, which is simple 
mechanically; however, the output is 
an inverse function of mass flow rate. 
This has the advantage that low flow 
rates can be resolved accurately, but 
there is a loss in resolution at high 
flow rates, an obvious disadvantage. 
It is felt that this scheme loses a major 
advantage of the mass flowmeter by 
reducing a linear output to a hyper- 
bolic output. 


In another variety of this basic 
meter, a second impeller located 
downstream of the turbine is driven 
from the same source and at he same 
speed as the first impeller, but in an 
opposite direction. Thus the turbine 
detects and measures flow 5i-direc- 
tionally: reverse flow produces a signal 
proportional to flow and opposite to 
the normal signal. 


Another interesting variation on the 
axial-flow transverse-momentum mass 
flowmeter has only one vaned element 
which is enclosed in a cylinderical 
conduit and restrained by a spring. 
The conduit itself is driven at a con- 
stant angular speed. This results in the 
vaned element rotating at a constant 
speed also. The torque on the re- 
straining spring is described by equa- 
tions (12) and (13). The element de- 
flection with respect to the conduit 
is detected to provide a signal propor- 
tional to mass flow rate. 


2. Radial Flow Transverse Momentum 
Mass Flowmeter. This meter (Figure 
5) commonly is called the “Coriolis” 
mass flowmeter. The fluid stream en- 
ters the meter body which is driven at 
a constant angular velocity. The meter 
interior is composed of a flow sensing 
element which can be called an im- 


peller, and a downstream guide vane. 
Note that the meter body, the impeller 
and the turbine are attached and ro- 
tating at the same angular velocity. 
Both the impeller and the guide vanes 
are radial, and of sufficient length and 
closely spaced so that the stream is set 
to rotating at the speed of the impeller. 
This causes the flow to leave the im- 
peller and enter the guide vanes with 
zero tangential velocity. 


The operation of this meter is ex- 
plained most simply by use of a special 
case where flow is confined to a 
straight radial channel of constant 
cross-sectional area as shown in Figure 
6. Note that the fluid stream flowing 
down the tube is subjected to a Coriolis 
acceleration as the tube is rotated about 
the point O. This Coriolis acceleration 
is equal to: 


a=2Vo (15) 
where: a = Coriolis acceleration 
V= velocity of fluid mass 
down the tube 
 — angular velocity 


So, the moment created about 0 is: 
M, = Jr (adm) (16) 
But, dm = pAdr (17) 


M, =| 2Vepardr = VpAo(r2? — 1;”) 


(18) 
Note that VpA =M 
M, = Molt” —_ 7) (19) 


Equation (19) can be shown to be 
more general by a more sophisticated 
analysis. Such an analysis will illustrate 
that moment M, is independent of 
the shape of the channels if the en- 
trance and exit velocities are radial. 
Note the similarity of equation (19) 
to equation (13) for the axial flow 
transverse-momentum mass flowmeter. 
Again the moment on the sensing 
element is proportional to the mass 
flow rate and the speed of the im- 
peller, which is constant. The moment 
on the sensing element also is pro- 
portional to a geometrical constant so 
that: 


AM, = 6M (20) 


Equation (20) shows that impeller 
moment is directly proportional to 
mass flow rate through the meter. A 
torque tube is shown as the method 





of «detection. It is characteristic of this 
meter that if the flow through the 
meter is reversed, the torque on the 
impeller is reversed. Therefore this 
meter is inherently bidirectional, if 
the torque-sensing element is capable 
of negative measurement as well as 
positive measurement. 


Since the total meter rotates, this 
meter must be provided with rotating 
seals and bearings at both entrance and 
exit. This imposes mechanical dis- 
advantages, especially if high pressures 
are to be handled. 


An advantage of this radial-flow 
transverse-momentum meter is that the 
angular momentum supplied to the 
stream by the impeller is recovered by 
the straightening vanes. Consequent- 
ly, the power supplied to the meter 
must be sufficient only to overcome 
bearing friction, seal friction, wind- 
age losses and viscous losses at the 
meter entrance and exit. 


This meter conceivably could be 
constructed with the same speed varia- 
tion as above mentioned under the 
axial flowmeter. This variation would 
include a constant-torque output on 
the tube and a variable-speed drive to 
the meter body; but the advantages of 
this system seem to be outweighed by 
its disadvantages. 


3. The Gyroscopic Transverse Mo- 
mentum Mass Flowmeter. The gyro- 
scopic mass flowmeter shown schema- 
tically in Figure 7a, and Figure 7b 
shows a design that has been actually 
used. The mechanical analog to the 
meter (Figure 8) shows how it re- 
sembles a conventional gyroscope 
mounted on two gimbal rings. The 
gyroscopic meter consists of a closed 
loop through which the fluid flows 
freely. Suitable bearings and seals at 
points 1 and 2 permit the closed loop 
or “pretzel” to be rotated about the 
X-axis. 


For any general gyroscope, the 
moment about the Y-axis can be ex- 
pressed by: 

M, =1,2» (21) 
where: w» = precessional velocity of 
gyroscope 
© = angular velocity of gyro- 

scope rotor 
I, = polar moment of inertia 


of fluid in conduit 
about Z-axis. 


Further, it can be shown that if the 
fluid is homogeneous. Then: 


I, =p (2xrA)?? (22) 


And if the flow is fairly evenly dis- 
tributed, 


V = wf, OF w — a (23) 
Tr 


Simply by substituting Equations 
(21), (22) and (23) and by collecting 
terms: 


M, = (pVA) 2xwr? (24) 


Thus, results of Equation (24) fit the 
now familiar pattern of a moment 
proportional to the mass flow rate 
times the product of a constant speed 
and a geometrical constant, so that: 


M, = C3M (25) 


In the actual meter, therefore, it is 
obvious that the moment about the Y 
axis must be measured or, more 
realistically, the reaction R, at the 
bearings 1 and 2 must be measured. 
Note that the magnitude of the re- 
action vector R is directly proportion- 
al to mass flow rate M, and that vector 
R rotates at an angular speed equal 
to w. This presents certain problems 
in continuous measurement of reaction 
R, but the problems are not insur- 
mountable. 


This meter is perfectly capable of 
measuring bidirectional flow; but, if 
the sensing element is to indicate the 
direction of flow, some method for 
detecting the direction of flow must 
be provided. This meter also must be 
provided with rotating seals and suit- 
able bearings. Again this appears to 
be a serious difficulty only at high 
Operating pressures. 


Although a rigorous analysis is not 
conducted in this text, it is believed 
that the meter would not be par- 
ticularly sensitive to the shape of the 
velocity profile in the conduit, and 
that the meter should be relatively in- 
dependent of viscosity. As with all 
true mass flowmeters, Equation (25) 
indicates independence of its meas- 
urements from density. 


In a variation on this gyroscopic 
meter, the angular precessional ve- 
locity applied about the X axis is not 
constant, but is a small oscillatory an- 





Figure 7B 











Figure 7. This simplification of 
an actual design shows how the 
gyroscopic transverse-momentum 
mass flowmeter works. 














Figure 8. This mechanical analog 
to the gyroscopic “pretzel” meter 
of Figure 7 helps you to under- 
stand its operating principle. 


gular velocity. As a result, reaction R 
is an oscillating value that can be 
measured accurately. An additional 
advantage of this scheme is that rotat- 
ing seals are not required. Instead a 
flexible length of conduit or bellows 
can be attached upstream and down- 
stream of the meter. 
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PART Il: BASIC TYPES 
OF INFERENTIAL MASS FLOWMETERS 


The first part of this article has 
reviewed those devices that may be 
called “true” mass flowmeters, inas- 
much as they measure the forces re- 
quired actually to accelerate the 
stream, which concept is basic to the 
definition of mass itself. 

However, there is a much larger and 
more varied class of instruments 
which determines mass flow by com- 
pensation(s) to volumetric flow rate 
devices; this class I have called in- 
ferential mass flowmeters. The large 
number of flowmeters in this class re- 
sults from design variations on the 
conventional and familiar flow-rate 
metering devices. 

In an attempt to list all those com- 
binations which are being used as 
well as the many that might be pro- 
posed, inferential 
can be classified as follows: 


mass flowmeters 


A. Head (or kinetic) meters with 
density compensation. 

B. Velocity 
compensation. 


meters with density 
C. Head (or kinetic) meters with 
velocity compensation. 


D. Special methods. 


In the first three classes, two var- 
iables are detected and fed into a 
suitable computer which performs the 
steps required to provide a readout 
proportional to the product pV. In 
the fourth class (special methods) 
functions are performed in the stream 
or in the primary element that pro- 
vide a readout proportional to pV. 

Although it was possible in discus- 
sing true mass flowmeters (Part I) to 
refer only to the primary metering 
element, the computational nature of 
the inferential flowmeter re- 
quires that reference be made in this 
discussion (Part II) to the secondary 
(density detecting) elements. 


mass 


Because of the broad variety of 
secondary elements, it will be im- 
practical to examine this phase of in- 
ferential mass metering in full detail. 
However, all of the more obvious 
possible combinations are enumerated. 
And, many commercially - available 
combinations are discussed in Part III. 


A. Head Meters 
with Density Compensation 


A head (or kinetic) meter creates 
a difference in pressure at two points 
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that is proportional to the difference 
in the kinetic energies at those two 
points. This usually is simplified to 
the extent that the kinetic energy is 
expressed as being equal to YpV*. 
This assumes incompressible, irrota- 
tional and nontransient flow. 

Obviously, the pressure difference is 
proportional to the two variables re- 
quired for a mass flowmeter, density 
and velocity; but the velocity is to the 
second power, not the first power as 
required by the equation for mass flow 
rate. So it is possible to measure the 
density and compute the mass flow 
rate. 

The head meter shown in Figure 9 
could be any of the following types: 


1. venturi 

2. flow nozzle 

3. thin square-edged orifice 
4. Pitot tube 

5. drag body 


lift surface 


The reaction of all of these elements 
is nominally proportional to the 
kinetic energy of the stream. 

Types 1 through 4 are commonly 
used with a differential pressure cell. 
The advantages and limitations of all 
these familiar metering elements have 
been established by use. 

Less familiar are types 5 and 6, the 
drag and lift devices. The net force re- 
sulting from a pressure difference is 
measured. If the force is parallel with 
the centerline of the conduit, it is 
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said to be a “drag body;” if the force 
is at right angles to the centerline of 
the pipe, it is said to be a “lifting sur- 
face.” 

The function of the densitometer 
(Figure 9) is to provide a signal direct- 
ly proportional to the flowing density. 
Densitometers which have been used 
on inferential mass flowmeters include 
the following general types: 











Figure 9. 
Head meter 
compensated 
by densitome- 
ter produces 
mass flow 
rate. 





INTEGRATOR 
MASS FLOW RATE 
INDICATOR OR RECORDER 




















54 / ISA Journal 





. float densitometers 

. dynamic densitometers 
a. hydraulic coupling 
b. fan principle 
piezoelectric crystal 


radiation gage 


1. Float Densitometers are the most 
direct approach to density measure- 
ment. They operate by measuring the 
buoyant force on a float submerged in 
a side stream of the fluid. 


2. Dynamic Densitometers are an- 
other direct approach to density 
measurement. One kind (2a) operates 
by measuring the hydraulic coupling 
between a rotating impeller and a re- 
strained stator. The hydraulic coupling 
is directly proportional to the density 
of the fluid if the angular velocity of 
the impeller is constant. Viscous 
forces must be small in this densito- 
meter. 

Another kind of dynamic densito- 
meter (2b) operates on the familiar 
fan law which states that the pressure 
rise across a fan or blower is directly 
proportional to the density of the fluid 
if the speed of the fan or blower is 
maintained constant. A_ differential 
pressure cell can be used to detect 
the pressure rise across the fan. This 
principle seems to be particularly 
suited to the measurement of densities 
of gases at both high and low pres- 


sures. 


3. Piezoelectric Crystal Densitometers 
are interesting because, at resonant 
conditions, the voltage output of a 
crystal is directly proportional to the 
density of the fluid. Unfortunately, 
voltage also is directly proportional to 
the velocity of sound in the fluid. In 
the case of liquids, the change in the 
velocity of sound at various pressures 
and temperatures must be 
or compensated for. In the case of 


gases, the temperature must be a com- 


evaluated 


pensating function. 


1. Radiation Gages according to one 
manufacturer, are employed to meas- 
ure the density of solids per unit 
volume in slurries. Therefore, if this 
gage is applied with a head meter, 
the performance of that particular 
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head meter with slurries should be 
well established. The output of this 
inferential meter is the mass flow 
rate of solids in the slurry. 


Depending on the liquid, gas or 
slurry to be measured, any one of the 
above listed head meters can be com- 
bined with any of the described den- 
sitometers to provide a total of no 
less than 30 possible combinations! 


Computations. The required mathe- 
matical functions simply 
demonstrated by referring to Figure 9. 
The computer must receive a signal 
from the densitometer and another 
from the head meter and then extract 
the square root of the product of these 
two signals. This function has been 
done successfully both mechanically 
and electrically. The computer output 
can be fed into a suitable indicator or 
recorder whose scale can be calibrated 
unit time. If 


are most 


in units of 
totalized readings are required for 
billing, batch processes, etc., an inte- 
grator can be added. Since the inte- 
gration is relatively simple, mechanical 


mass per 


integrators have proved adequate. The 
preferred integrator seems to be the 
ball-and-disc type. 


A variation on this arrangement is 
to follow conventional metering prac- 
tice and record the instantaneous 
differential pressure across the head 
meter, but instead of recording the 
static pressure and temperature, record 
the flowing density. Charts then are 
integrated by standard orifice chart in- 
tegrators. With the appropriate cor- 
rection, the total mass flow can be 


computed. The advantages of this 
system are: 1. existing meters can be 
used with only the addition of a 
density cell required; 2. standard data- 
reduction techniques still are applica- 
ble; and 3. the effects of temperature, 
pressure, composition of the stream 
and deviation from the perfect gas laws 
are accounted for without recourse to 
empirical data. 


B. Velocity Meters with 
Density Compensation 


A velocity meter can be defined as 
one in which the reaction of the pri- 
mary element is nominally propor- 
tional to the velocity of the stream. 
Velocity meters which could be used 
in the system of Figure 10 include 


1. turbine meter 
2. vortex-velocity meter 
3. electromagnetic meter 


$. ultrasonic meter 


1. Turbine Meters are well known and 
have become very popular in some 
industries over the past ten years. 
(See “Characteristics and Uses of Tur- 
bine Flowmeters,” p. 54, ISAJ 5/59.) 
The speed at which the turbine rotates 
is proportional to the velocity of the 
stream. Techniques have been devised 
whereby the turbine can turn freely 
and its speed can be detected mag- 
netically. 


2. Vortex-Velocity Meters operate on 


the principle of creating a vortex in 
a chamber on the wall of the flow 


June 1960, Vol. 7, No. 6 55 








VELOCITY METER 


—ID> 


FLOW 


LLL 


HEAD METER 





Pah hhdad as v4 








DIFFERENTIAL 
PRESSURE 
CELL 











g--------t 











Kn 


m K Vv 





INTEGRATOR 














= 
COMPUTER 
aca a = pv 


MASS FLOW RATE 
INDICATOR OR RECORDER 


T 
' 
! 


2 
' Kyo Pv 


pv" 


Figure 11. 
Head meter 
plus velocity 
meter 
compensation. 








conduit. It can be illustrated theore- 
tically and proved by experiment that 
the vortex rotates at a speed propor- 
tional to the velocity in the conduit. 
If a light-weight wheel is suspended in 
the vortex, it will rotate with the vor- 
tex and at the same speed as the vor- 
tex. The angular speed then can be 
detected anid calibrated in terms of the 
line velocity. 


3. Electromagnetic Meters are well 
known and operate on the principle 
that a voltage is developed across a 
conductor when the conductor is 
moved across a magnetic field. The 
voltage is directly proportional to the 
velocity of the conductor. In the elec- 
tromagnetic meter, the fluid stream is 
the conductor and the stream is passed 
through an adequate field created by 
two poles of an electromagnet. This 
‘meter has the advantage that it offers 
no obstruction to flow. However, the 
fluid must be a suitable conductor. 
Great progress is being made in de- 
signing this flowmeter for fluids of 
lower conductivities. 


4. Ultrasonic Meters are composed of 
two ultrasonic sound transmitters 
mounted in the conduit; one is lo- 
cated upstream facing down the con- 
duit and the other is located down- 
stream facing wp the conduit (Figure 
25). At corresponding stations, sound 
receivers are mounted. Sound wave 
velocity down the conduit equals the 
speed of sound in the fluid plus the 
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velocity of the stream. The velocity 
of a sound wave up the conduit is 
equal to the speed of sound in the 
fluid minus the velocity of the stream. 
Suitable electronic circuits solve the 
conditions simultaneously for the ve- 
locity of the fluid in the conduit. This 
meter also has the advantage that it 
offers no obstruction to the flow. It 
is theoretically accurate for all fluids, 
but its performance on slurries does 
not seem to be established. 
Computations. The density compen- 
sation is identical to those densito- 
meters described above under head 
meters with density compensation. In 
this arrangement (See mathematical 
procedure, Figure 10), the computer 
is materially simplified since it must 
only take the product of two signals; 
it is obvious that the extraction of the 
square root has been eliminated. 


The computer output can be fed to 
an indicator, recorder or integrator 
identical to those described previously. 
The advantage of this system lies in 
its simplified computer section. Sev- 
eral of these meters will be described 
in detail in Part III. 


C. Head Meters with 
Velocity Compensation 


Any of the previously-described 
head meters can be combined with any 
of the above listed velocity meters to 
provide the combination shown in 


Figure 11. Referring to the indicated 
mathematics, it is necessary to divide 
the signal from the head meter by the 
signal from the velocity meter. This 
produces a signal from the dividing 
computer substantially proportional to 
oV. Again, indicators, recorders or in- 
tegrators can be added. 

At this time, the only manufacturer 
of an inferential mass flowmeter of 
this type has successfully combined a 
drag body with a turbine meter to 
produce a compact unit for the mass 
flow measurement of liquids. 


D. Special Inferential 
Mass Flowmetering Methods 


At least two special methods have 
been devised that are worthy of ex- 
planation. 

Turbine with Adjustable Vanes. The 
turbine with adjustable inlet vanes is 
a variation of the turbine with density 
compensation. However, instead of the 
signal from the densitometer being 
fed into the computer, the signal is 
used to adjust mechanically a series 
of vanes located upstream of the tur- 
bine. In this manner, a prerotation of 
the stream is introduced to provide 
the compensating density function. 
With proper design, the speed of the 
turbine is proportional to the product 
pV. Mass flow rate then is sensed by 
the rotational speed of the turbine. 
Integration is achieved by simply 
counting the total number of revolu- 
tions of the turbine. 

Orifice with Adjustable Area. A meter 
has been placed on the market (Figure 
18) which uses an orifice meter whose 
area is adjusted according to the flow- 
ing density. (To be more precise, by 
the ratio of the flowing pressure to 
the flowing temperature). 

A bellows assembly positions the 
plug in the orifice. A sample of the 
gas is captured in the bellows and 
sealed off. As the pressure is in- 
creased (or the temperature is de- 
creased), the bellows will compress to 
provide a larger orifice area. By 
proper plug design, it is possible to 
obtain a proportional relation between 
the differential across the orifice plate 
and the mass flow rate. This meter is 
claimed to have the advantages of 
relative simplicity and it obviously is 
adaptable to conventional differential 
pressure cells. 





PART Ill: A LOOK 
AT MASS FLOWMETERING HARDWARE* 


GENERAL ELECTRIC AND 
BLACK, SIVALLS & BRYSON 


This “Gyro-Integrating Mass Flow- 
meter,” as its name implies, operates 
on the principle of axial-flow trans- 
verse-momentum (see page 51, and 
Figures 3 and 4). Working details of 
the actual meter are shown schematic- 
ally in Figure 12, and the meter itself 
in Figure 13. 

This meter is being offered for sale 
by both General Electric and BS&B 
to all industrial market areas, except 
that in natural-gas and crude-oil appli- 
cations, BS&B exercise exclusive sale 
rights. Developed jointly by the two 
firms, it is manufactured and assem- 
bled by General Electric. 

It consists essentially of four parts: 
1. flow-rate sensor, 2. gyrointegrator, 
3. cyclometer register, and 4. contact- 
ing device. 

An explosion-proof 
electric motor, through a magnetic 
coupling, drives at constant speed the 
impeller located in the fluid stream. 
This cancels any flow-irregularities, 
and imparts angular momentum to the 
stream. The torque required for the 
turbine to extract all angular momen- 
tum from the stream is transmitted out 
through a second magnetic coupling 
and applied to the minor axis of the 
gyroscope. This torque produces pre- 
cession (rotation) around the major 
axis of the gyroscope that is directly 
proportional to the mass flow rate. 
This rotation is transmitted through 
gearing to the cyclormeter, which reg- 
isters mass flow rate in units of mass 
per unit time (Ibs/hr, etc.). Since both 
impeller motor 2ad gyromotor run 
synchronovsly from the same power 
source, accuracy is unaffected by pow- 
erline frequency changes. 

The gear train. also turns a cam- 
and-contact device whose rate of con- 
tacting is proportional to mass flow 
rate. This contact is used to actuate 


synchronous 


* Based on an ISAJ questionnaire sent 
to all known makers of mass flow- 
meters. Any supplier inadvertently 
omitted will be listed in a later issue: 
please advise. 
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Figure 12. The General Electric/Black, Sivalls and Bryson mass 


flowmeter works on the 


principle. 


totalizers, remote registers, printouts, 


etc. 


Specifications 

Type: LB-1 and LB-2 “Gyro Integrat- 
ing” 

Flow Range: gas, 250 to 53,000 pph 
liquid, 2000 to 320,000 pph 

Pressure Range: gas, 20 to 1500 psig 

liquid, 0 to 1500 psig 

Temperature Range: 0 to 165°F 





Figure 13. The 
GE/BS&B 
gyro- 
integrating 
mass 
flowmeter. 








axial-flow, 


transverse-momentum 


Density Range: gas, 0.11 to 32 Ibs/ 
cu ft; liquid, 30 to 90 lbs/cu 
fe (and viscosity, 0 to 100 
centipoises) 


Chief Applications: Natural-gas trans- 
mission, distribution and accounting; 
petrochemical gases and liquids — in- 
plant accounting and sale to customers: 
petroleum process material balances: 
utility and industrial fuel accounting. 
Price Range: $2000 to $3000 (approx.) 
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AVIEN, INCORPORATED 


The Avien mass flowmeter is of the 
axial-flow transverse-momentum type. 
Operating on a purely gravimetric 
principle, it is independent of auxil- 
iary density-sensing and correcting de- 
vices, and is unaffected by variations 
in density, viscosity, temperature or 
chemical composition of the flowing 
stream, or frequency of the electric 
power supply. It consists of two units 
(Figure 14): transmitter and totalizer. 
A single totalizer can be connected to 
sum the flows of any number of indi- 
vidual transmitter /indicator pairs. 

Originally developed to fulfill the 
most rigorous requirements of modern 
aircraft and missile fuel flowmetering, 


PIONEER-CENTRAL DIVISION, 
THE BENDIX CORPORATION 


The Pioneer-Central meter is an 


axial-flow transverse-momentum type 
using but a simgle turbine (See page 
52). This design eliminates the effect 
of inertial forces due to aircraft ma- 
neuvering, and greatly simplifies the 


Mass x Accel- 


meter. Since Force 


POTTER AERONAUTICAL CORP. 

This Potter mass flowmeter (Figure 
16) is a new design employing a twin- 
turbine in the axial-flow angular-mo- 
mentum principle so new that this 
ISAJ report is the first released for 
general readership. However, the meter 
has completed military evaluation tests, 
under 


with an armed-service report 


preparat 10Nn. 


Figure 14. Avien aero- 
nautical fuel mass flow- 
meter. Transmitter (left) 
is mounted in engine fuel 
line; panel indicator 
(right) is a fully-tran- 
sistorized, servo-self-bal- 
ancing hermetically- 
sealed unit. 


the meter provides the dependable, 
simple measure of :rue mass flow ideal 
for many industrial applications. 


Specifications 


Type: 255-06-11A (liquid only) 
Flow Range: 0 to 45,000 pph 
Pressure Range: 0 to 180 psi 
Temperature Range: —65 to +300°F 
Density Range: 0.2 to 1.5 (sp gr) 


Figure 15. Pioneer-Cen- 
tral cryogenic mass flow- 
meter transmitter (frost- 
ed cylinder, left center) 
measures rate of liquid 
oxygen delivery to a mis- 
sile. Transmitter signal 
reads out on a remote 
indicator /integrator. 


eration, mass is proportional to force 
when acceleration is constant. And 
acceleration is constant when the tur- 
bine speed is uniform, producing a 
known constant angular exit-velocity. 
The initial angular velocity is made 
zero by straightening vanes. The an- 
gular acceleration force is measured 
as an angular deflection of a linearly 
calibrated spiral spring. Both turbine 
and the cage sleeve surrounding it 
rotate at equal speed to minimize 
viscous coupling. The turbine rotation 
and spring deflection both are obtained 
by magnetic couplings, eliminating all 


Two turbines with different blade 
angles are coupled by a torsion mem- 
ber and rotated as a unit. The angular 
displacement between the two rotors, 
caused by their differing blade angles, 
and permitted by the torsion member, 
is proportional to pV~. The phase 
angle between the rotors, measured by 
two reluctance-type pickup coils, is a 
function of momentum and equivalent 
to kpV*. The unwanted power of V 


Figure 16. This model 
6-3005 twin-rotor mass 
flow Pottermeter has just 
successfully passed a rig- 
orous armed-forces eval- 
uation test for gaseous 
service. 


Chief Applications: Measurement of 
aircraft fuel flow; measurement of 
missile liquid-fuel flow. 


Approximate Price: $2000. 


rotary seals. Since this signal is un- 
affected by turbine velocity, the meter 
is independent of power-frequency 
variations. 
Specifications: Cryogenic Flow 
Transmitter 

Type: Pioneer Central Model 16080- 
28-1 (liquid) 

Flow Range: up to 1000 pph 

to 1600 psi 

320 to —180 


Pressure Range: 
Temperature Range: 
Fahrenheit 

Density Range: 50 to 70 \b/cu fet 
Chief Applications: Cryogenic missile 
(liquid) fuel measurement and control 
(see Figure 15); missile propellant 
loading; ground support equipment, 
laboratory tests; industrial flow meas- 
urement during storage, transfer and 
delivery. 

Price: On request. 


is removed from the above equation 
by this fact: The period of time taken 
for the phase angle to sweep through 
a reference point is: 


Distance phase angle 


Period = 


Velocity kiw 


kpv* 
koV 
where » = 
velocity, and is directly proportional 
to the linear stream velocity through 


K,pV (mass flow rate) 


rotor-assembly angular 


the meter. 

The pulses from the two pickup 
coils gate on and off an oscillator 
whose pulse-train output feeds a high- 
speed electronic counter which reads 
out in instantaneous mass-flow rate. 





DECKER CORPORATION 


Decker has developed a_ basically 
new liquids mass flowmeter which is 
of the gyroscopic transverse-momen- 
tum type (see page 53). The liquid 
flows through a circular loop of pipe 
(Figure 17) which is vibrated with 
minute amplitudes. Two flexible 
couplings isolate the vibrating loop 
from its connections. The loop carries 
a coil located in the field of a perma- 
ment magnet. An electrical output 
proportional to mass flow is generated 
in this coil by gyro-coupled forces 
produced by interaction between liquid 
flow and the driving vibration. 

This design was developed for liq- 
uids ranging from light hydrocarbon 


NATIONAL INSTRUMENT LAB. 


The NIL gas flow element is an 
example of special inferential mass 
flowmetering methods, using an orifice 
with adjustable area (see page 56, 
and Figure 18.) It is essentially a 
head-type (orifice) flowmeter, with 
self compensations for both static pres- 
sure and stream temperature. Its out- 
put is a differential pressure which 
is read out by any standard differ-ntial 
pressure indicator, recorder, or inte- 


grator 


The orifice area is controlled by a 


shaped plug positioned by the “soft” 
bellows into which is sealed a sample 
of the gas being measured. Obviously, 
both stream pressure and temperature 


changes will affect bellows’ length 
and reposition the plug so that effec- 


ROTRON CONTROLS 
CORPORATION 


A very interesting example of the 
velocity meter with density compensa- 
tion (page 55) is Rotron’s inferential 
mass flowmeter designed especially for 
the gas industry. Stream velocity is 
measured by the vortex-velocity prin- 
ciple (left part, Figure 19). A Rotron 
refinement is to “feed the vortex”: 
a small part of the gas flows into the 
center of the rotor. This gas, flowing 
radially out through the curved blades, 
helps to turn the rotor, and so com- 
pensates for the power losses in the 
vortex. A second refinement is the 
divider and flapper (left part, Figure 
19) which, by diverting part of the 
gas flow past the rotor, serves as a 
calibration adjustment. 


fuels to viscous liquids and slurries. 
It is inherently bi-directional and lin- 
ear; and digital, totalized mass flow 
rate is its normal output. 


Specifications 


Type: Gyroflow 600 (liquids) 

Flow Range: limited only by size 
Pressure Range: unlimited 
Temperature Range: up to 650°F 
Density Range: unlimited 

Chief Applications: High viscosity liq- 
uids and slurries in process control; 
petroleum products; primary control 
in fuel combustion burning rate; bi- 
directional mass control for floatation 
systems. 


Price Range: $1500 to $7500. 


Figure 17. Particular feature of 
this Decker gyroscopic mass flow- 
meter is its ability to measure 
Newtonian and non-Newtonian 
liquids, slurries and other multi- 
phase materials. 














Figure 18. NIL Densimatic (left). Cross-section (right) shows 
special adjustable orifice-area principle of mass flowmetering. 


tive orifice area is inversely propor- 
tional to the square root of P/T — 
exactly the compensation required to 
make the square root of /\P propor- 
tional to mass flow rate. 


Specifications 
Type: NIL Densimatic (gas) 
Flow Range: up to 1,000 Ibs/min 


Density is measured by the Whirl- 
Way densitometer (right part, Figure 
19.) The driven at con- 
stant speed, continuously samples the 
gas and determines its density accord- 
ing to the “Fan Laws.” These laws 
state that a constant-speed fan coupled 
to a fixed system (pipes, ducts, etc.) 


blower, 


Pressure Range: 0 to 900 psig 
Temperature Range: 50 to +500°F 
Density Range: all gases 

Chief Applications: Metering acetylene 
into chemical controlling 
oxygen flow rate; metering process 


pr CESSES; 


heating steam. 
Price Range: $350 to $3400. 


produces a pressure differential pro- 
portional to fluid density. 

Velocity and density signals are 
combined electromechanically in a 
computer unit, to read out total 
therms, therms per pound, specific 
gravity, total standard cubic feet and 
total pounds of gas. 





Figure 19. In Rotron’s gas mass 
flowmeter, velocity is measured 
by the vortex (left) and density 
by the Whirl-Way (right). 

















ROTRON “WHIRL-WAY" 
DENSITOMETER 
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MAGNETIC FLOWMETER WITH RADIOISOTOPE DENSITOMETER 


This new and rapidly growing type 
of inferential mass flowmeter measures 
stream velocity with a magnetic flow- 
meter (See page 55) and compensates 
for density with a radioisotopic den- 
sitometer (See page 55). This kind 
of mass flowmeter cannot be attributed 
to any single maker, since its two 
major parts are offered by different 
manufacturers. So, ISAJ has treated 
together on this page the four makes 
of units that are known to have been 
applied to mass flow measurement. 

The complete system (Figure 20) 
consists of magnetic flow unit, density 
cell, and three electronic readout units. 
Velocity signals from the magnetic 
flow unit read out as volumetric rate 
of flow; density signals from the radio- 
isotope cell read out in density. 

The flow readout and density read- 
out units have differential transformers 
which electrically retransmit the flow- 
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Figure 20. This inferential mass 
flowmeter consists of a magnetic 
flow unit, an Ohmart radioisotope 
density unit and three electronic 
readout units. 


Figure 21. Three Foxboro Dyna- 
logs record phosphate rock-slurry 
gravity, flow rate and dry tons 
per minute at International Min- 
erals & Chemicals, Bartow, Flor- 
ida. Counter (upper right) shows 
totalized mass flow. 
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rate and density signals to a third 
readout unit. Here, the two electrical 
signals, combined and computed, read 
out in rate of mass flow. 

A typical installation of the three 
electrical readouts is shown in Fig- 


industry application of the density 
cell and magnetic flow unit is pictured 
in Figure 22. A typical magnetic flow 
unit application is illustrated in Fig- 
ure 23. 

Particular features of this mass flow- 
meter: 1. It produces almost no pres- 
sure drop, since both the magnetic and 
radioisotopic units are straight-through 
obstructionless devices; 2. it is ideal 
for floculent liquids and heavy slur- 
ries. In fact, it has been applied even 
to mass transfer rate measurement of 
dry solids! Here, the channel must 
be vertical, and the solids must be 
introduced at constant velocity in free 
fall. 

Its chief limitation is that the stream 
must be at least somewhat conductive 
(due to the magnetic flow meter), 
which rules out many organic liquids. 


Specifications: Ohmart Mass 
Flowmeter 


Flow Range: 5 gpm and up 
Pressure Range: up to 240 psig 
Temperature Range: up to 365°F 
Density Range: unlimited 


Chief Applications: Ore and water 
slurries; sewage sludge to digestor; 
carbon-black feed in rubber industry. 
Price Range: $5,500 


Specifications: Industrial 
Nucleonics Density Meter 

Flow Range: any 1” to 8” pipe 
Pressure Range: schedule 160 pipe 
Temperature Range: —60 to 500°F 
Density Range: any 

Price Range: $3900 to $5500 


Specifications: Foxboro 

Type: 1800 Magnetic Flow Transmit- 
ter with model 9600 Dynelog record- 
ers and gamma-ray density cell 

Flow Range: from 0.1 gpm up 
Pressure Range: 150 to 240 psi (higher 
on special order) 


Figure 22. Mass underflow of a 
potash process thickener tank is 
measured by an Industrial Nu- 
cleonics Accuracy densitometer 
(left), a Foxboro magnetic flow 
unit (center) and controlled by 
an Annin Domotor valve (right). 


Figure 23. Signals from this 
Fischer & Porter magnetic flow 
unit, combined with those from a 
radioisotope density cell, produce 
mass flow rate. 


Temperature Range: up to 300°F 
Density Range: 0.8 to 2.0 sp gr 
Chief Application: mineral slurries 


Price Range: $4000 and up, depending 
on pipe size 


Specifications: Fischer & Porter 


Type: Magnetic Flowmeter 

Flow Range: no upper limit 
Pressure Range: a function of pipe size 
and flange rating; up to 30,000 psi 
Temperature Range: up to 375°F 
Density Range: unlimited 

Chief Application: Sludge in waste 
treatment plants; total pounds of ce- 
ment (dry) in cement mills; basis 
weight, chemical processes; consistency 
control, food processes. 


Price Range: $4,000 to $40,000 





W. L. MAXON CORPORATION 


The Maxon ultrasonic inferential 
mass flowmeter is of the velocity-meter 
plus density-compensation type. Basic- 
ally, it performs four functions: 1. 
acoustic measure of the stream velo- 
city; 2. acoustic measure of fluid den- 
sity; 3. electronic computation of in- 
stantaneous flow rate; and 4. 
integration (by analog computer cir- 
cuit) of total mass transferred. For an 
explanation of the principle of acoustic 
velocity measurement used see page 
56 and Figure 24. Density is deter- 
mined by a third ultrasonic trans- 
ducer, which is essentially an acoustic 
impedance detector. Acoustic imped- 
ance is the product of fluid density p 
and ultrasonic speed of propogation V. 
When pV is divided by V, the re- 
sultant is p, the liquid density. 

While originally developed for jet 
aircraft fuel metering, the Maxon 
meter can be adapted to an almost 
unlimited number of industrial liquids 
and gases. Ir features smooth bore (no 
pressure drop), very fast response 
(transient flow analysis) and no mov- 
ing parts. Meter sections can be made 


mass 


REVERE CORPORATION 
OF AMERICA 


The Revere Gravimetric Meter, for 
ground fueling of aircraft, is an ex- 
ample of the volumetric flowmeter 
with density compensation. Fuel flow 
drives a positive-displacement oscillat- 
ing piston, whose motion actuates a 
mechanical converter. The densitom- 
eter (see Figure 25) is a servo-con- 
trolled, self-balancing hydrometer. A 
weight on a beam is continuously po- 
sitioned to counter-balance float buoy- 
ancy. A mechanical signal from this 
hydraulic servo is also delivered to 
the mechanical converter. In the con- 
verter, a variable ratio drive between 
the volumetric signal and the density 
signal produces a mass totalized flow 
indication in pounds of fuel, as well 
as totalized volumetric flow in gallons. 


NEW DESIGNS COMING UP 


Our ISAJ questionnaire, sent to all 
suspected makers of mass flowmeters, 
turned up several that now are devel- 
oping and shortly will introduce new 


designs. 
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Figure 24. The Maxon ultrasonic mass flowmeter. 


of any corrosive-resistant metal or 
ceramic. It handles liquids with specific 
gravity ranges up to 3:1. In aeronautic 
applications it is unaffected by vehicle 





Figure 25. The Revere Gravime- 
tric Meter consists of a Neptune 
positive-displacement flowmeter 
(bottom unit) compensated by a 
float-type densitometer (left cen- 
ter unit). 


Specifications 


Type: Revere Gravimetric Meters 


(Liquids) 

Flow Range: up to 250 ppm 

Pressure Range: 25 psig maximum 
Temperature Range: —65 to +-140°F 
Density Range: 54 to 74 ppg 

Chief Applications: Missile fueling; 
ground refueling of military and com- 
mercial aircraft. 


Price Range: On application 


attitude, acceleration or inertial forces 
which influence pressure-differential, 
rotating-element or angular-displace- 
ment type mass flowmeters. 





GULTON INDUSTRIES 

Gulton has just released data on a 
brand-new principle of ultrasonic 
flowmetering developed, after three 
years of work, in conjunction with the 


Hersey-Sparling Meter Company. 

An ultrasonic (one Mc) pulse gen- 
erated by a transmitter (see Figure 26) 
is reflected by the pipe walls back 
and forth through the liquid at de- 
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Figure 26. A brand new ultra- 
sonic mass flowmeter by Gulton 
works on a beam-deflection prin- 
ciple. 
creasing amplitude. Pulses are timed 
sO a new one is transmitted out only 
after this echo train of the previous 
pulse has died out. Stream flow de 


flects these sound beams with respect 


1 


to the two receiving transducers, re- 


sulting in an amplitude change 


in the 
receiver ¢ utputs the uDsStrean receiver 
voltage will decrease; the downstream 
By de- 
the ratio of these two volt- 


ages, volumetric flow rate is measured. 


receiver increase. 


terminin 


Changes in sound velocity through the 
liquid with temperature 
sated by a thermistor. 

By using an acoustical impedance 
technique, the density of the liquid 
is determined and the mass flow rate 
is obtained by multiplying the volu 


metric flow voltage by the density. 


COX INSTRUMENT DIVISION, 
GEORGE L. NANKERVIS CO. 


Cox reports they now are working 


on a twin-turbine mass flowmeter, 





This committee was created a year ago by Flovd F. 


which will be of the axial-flow trans- 
verse-momentum variety. Several mod- 
els are in production and in field use. 
Cox also offers an inferential mass 
flowmeter of the turbine plus float- 
densitometer type. 


Cox Specifications 


7 ype. No. 30 
(liquids) 
Flow Range: from 100 to 500,000 pph 
up to 5000 psi 


Mass Meter 


True 


Pre SSHTE Range . 
Temperature Range: up to 500°F 
Density Range: 0.5 to 3.0 sp gr 

Chief Applications: Aircraft and mis- 
sile engine fueling; test equipment; oil 
and chemical processes. 


Price Range: $1500 to $6000 


WAUGH ENGINEERING CO. 


Waugh has under development, but 


not yet available for sale, 


an axial-flow 
angular-momentum type mass flow- 
meter using a single turbine turned at 
constant torque by a rotating perma- 
-magnet hysteresis drive. With 
torque (T) constant, mass flow K /o. 
Magnet strength changes due to temp- 
erature are compensated by varying the 
air gap with a temperature sensitive 
disk. 

A pickoff coil converts rotor speed 
into an a-c signal whose frequency is 
inversely proportional to mass flow 


“TRUE” OR “FALSE” DOESN’T MATTER 


Your ISA editors, as part of this review on mass flowmeters, asked ISA’s Aeronautical Stand- 
ards Division Committee 8A-RP31-to prepare a statement on their standards work covering 
Flow Measurement in the Aeronautical Industry. Their statement is reproduced below. 


Bryan 


acceptance, any flowmeter with a readout essentially dis 


rate. This signal fed to electronic time 
interval counters, reads out directly in 
mass flow rate, since the time interval 
is the inverse of frequency. It will 
(optionally) be provided with an ab- 
solute viscosity compensator permit- 
ting accuracy up to about 30 centi- 
stokes. 

Waugh Specifications (gases 

and liquids) 

Flow Range: 1 ppm minimum 

0 to 10,000 psi 

120 to +500 


Pressure Range: 
Temperature Range: 
Fahrenheit 

Density Range: 0.1 to 100 Ibs/cu ft 
Chief Cryogenic fluids 


in rocket engine testing, both ground 


Applications: 
and airborne; custody transfer of nat- 


ural gas; airborne fuel measure in 
manned aircraft. 


* $1500 to $5000 


ISAJ has received information, also, 
that two other firms presently are 
investigating or developing mass flow- 
meters. Francisco Engineering Com- 
pany, Calabasas, 
works a dual-rotor type intended for 


Calif., has in the 


natural gas, chemical and petroleum 
products, and cryogenic liquids or 
gases. Rockwell Manufacturing advises 
only that they are working on a revo- 
lutionary new type of mass meter: no 


details available at this time. 





of Douglas Aircraft Company, Director of the ISA’s Aero playing gravimetric units is a mass flowmeter. As early as 


nautical Standards Division, to formulate and promulgate 1930 one could attach pressure/temperature compensators to 
Recommended Practices for the design, selection, operation a standard orifice meter. We didn’t call them “mass flow 
meters” but that’s what they were. 

ISA Committee 8A-RP3I1 feels that it is a very worthwhile 
educational effort to present a review of available mass 
flowmeters such as we have in this issue of ISA Journal. At 


and maintenance of flowmeters used by the aeronautical 
industry. Meeting every six weeks since then, the committee, 
under chairman Robert L. Galley of Convair-Astronautics, 
San Diego, California, has studied many problem areas in 
this field. A tentative preliminary RP is being readied now 


for critical review by a_ representative user/manufacturer 


the same time, we feel duty-bound to point out that mass 

flowmeters aren’t new; they are something anyone can 

panel, after which it will be submitted with corrections to come up with by compensating a volumetric flowmeter 

the main committee for approval at the annual meeting in Also that these aren't “true” and “false” mass flowmeters, 

New York, September, 1960 but rather “inside-compensated” and “outside-compensated,’ 
RP3I.1, as this first release probably will be numbered, for lack of a better definition. 

will establish, to a limited degree, the following standards Committee 8A-RP31 consists of the following aircraft and 

for turbine-type flowmeters: missile engineers, all associated with the flowmeter using 

groups in their respective organizations and all in the 

Southern California area: 

Robert L. Galley, Chairman, Convair-Astronautics Div. GD¢ 

Henry Eichenberger, Vice-Chairman, Convair-San Diego 

Division, GDC. 

Clifford R. Benzel, Recorder, Convair-Astronautics Div., GD¢ 

Keith Campbell, Douglas Aircraft Company. 

Lawrence H. Groeper, Rocketdyne Division, NAA. 

Frank Klock, Bureau of Naval Weapons. 

Frank Larango, Marquardt Corporation. 

Robert Siev, Aerojet-General Division. 

Frank J]. Stockemer, Lockheed Aircraft, California Division. 


a. Terminology 
b. Specificati« of operating conditions, dimensions, elec 
trical connections and electrical output characteristic 

In the respect that any turbine-type flowmeter can be 
either a mass or volume flowmeter, we have already entered 
the mass flowmeter standardization field. If the turbine 
flowmeter signal is compensated in any way (electrically, 
mechanically or by combination of both) for fluid density, 
we have a mass flowmeter. Whether this is a “true” o1 
‘false’ mass flowmeter doesn’t matter. Whether density is 
sensed by electrical or mechanical means, or even if density 


is not sensed, but only inferred, doesn’t matter. By popular 
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Basic Multiloop Control Systems 


by CHARLES L. MAMZIC 
(Senior Member, ISA) 
Manager, Application Engineering 
Moore Products Company 
Philadelphia, Pennsylvania 


What do you do when a simple, 
single-loop controller fails to reg- 
ulate your process properly? Author 
Mamrzic gives you the answers: seven 
of the most useful basic multiloop 
control systems that will lick those 
extra tough-to-control processes. 
While each circuit is illustrated using 
pneumatic components, the same ba- 
sic systems can be used with elec- 
tronic, hydraulic or mechanical hard- 
ware, with but minor modifications. 
Here is a comprehensive reference 
for the instrument engineer on these 
more sophisticated multiloop con- 
trols. 


BECAUSE FEW CONTROL puob- 
lems are completely new, most of them 
can be solved by slight variations of a 
few standard circuits. The seven basic 
multiloop control systems herein de- 
scribed are tried and proved solutions 
cannot be 
single-loop 


which 


tO most processes 


adequately regulated by 


control. 


1. Cascade Control Systems 


use of the 
most 


Herein, I will restrict 
term “cascade control” to its 
common meaning: two (or more) con- 
trollers connected in series so the out- 
put of the first is the control-point 
(set-point) input of the second. 

Such cascaded circuits usually are 


employed to more closely control proc- 


--- they think -- select -- compare - - decide! 


esses with long time-constants. The 
ordinary single-loop control can act 
only after error develops. Thus, it can- 
not cope with changes in the manipu- 
lated variable until such changes Fave 
worked their way through the several 
process capacities, traveled through any 
dead-time (transportation lag) present 
and affected the sensing element meas- 
uring the controlled variable. But the 
cascaded system usually is applied with 
one of its two controllers measuring 
and regulating the value of the manip- 
ulated variable itself. So any change in 
manipulated variable is quickly sensed 
and corrected for, before it can upset 
the whole process. 

This advantage of cascade control is 
clearly shown by Figure 1. The sec- 
ondary controller of the cascade sys- 
tem is installed to measure and controi 
the pressure of the manipulated vart- 
able — steam. Thus, pressure changes 
in the steam supply will be quickly 





LEARN WHEN AND HOW TO 
USE THESE SEVEN BASIC 
MULTILOOP SYSTEMS 


Cascade Control 


Impulse Feedforward with Feed- 
back Control 

Predictive Feedforward with 
Feedback Control 


Cascade with Ratio Predictive 
Feedforward Control 


Limiting Selector Control 


Flow Distribution Selector Con- 
trol 


Selector Split-Load Supply Con- 
trol 











sensed and corrected for by the steam 
control valve before they can seriously 
upset the whole heat-exchange process. 

Note here that the output tempera- 
ture of the heat exchanger (controlled 
variable) is measured by the primary 
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Figure 1. Cascade control com- 
pensates immediately for dis- 
turbances to manipulated vari- 
able (steam pressure changes) 
on heat exchanger. 
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Figure 2, (Left). Impulse feedforward system compensates heater temperature control 
for changes in feed rate. Figure 3, (Right). Impulse feedforward control prevents 
interaction between two fast-responding pressure loops of hydrogen adsorber. 


controller. And note that the output 
(CO) of this primary controller is 
connected to the control point (CP) 
input of the secondary controller to 
form a true cascaded control system. 
This is a good example of the use 
of cascaded control to eliminate the 
disturbance to the manipulated vari- 
able in a multicapacity process. Cas- 
caded multiloop systems will produce 
close regulation on such processes, 
where the conventional single-loop 
system would be hopelessly inadequate. 
Other Cascade Applications. Cas- 
caded multiloop systems frequently are 
applied to: 
a. Fractionating Column Temperature 
Control, with a temperature controller 
setting either a steam-pressure or a 
steam-flow controller. 
b. Batch Reactor Temperature Control, 
with a batch-temperature controller 
setting a jacket-temperature controller. 
c. Fired Heater Temperature Control, 
with an outlet-temperature controller 
setting a fuel-rate controller. 


d. On-line Closed-Loop Computer Con- 
trol Systems, with a computer setting 
individual process-variable controllers. 


2. Impulse Feedforward 
with Feedback 


In this multiloop system, an other- 
wise standard single-loop feedback con- 
trol is compensated so as to anticipate 
a load change, even before that load 
change begins to affect the process. 
Compensating feedfordward has two 
major benefits: 

a. Closer control of certain processes 
involving dead time (transportation 
lag), and/or long capacity lag. 

b. Better stability on processes with 
two or more closely-interacting control 
loops. 

Consider the fired heater or reboiler 
of Figure 2, for example. Heater outlet 
temperature is controlled by regulating 
the fuel flow rate to the heater. One 
of the disturbances to this temperature 
control is changes in rate of flow of 
product fed into the heater, due to 
tower level changes. Note that such 
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input load changes cannot even be 
sensed by the single-loop system, until 
the disturbance has traveled through 
the whole plant and finally affected 
heater output temperature. And all 
during this delay, heat is being added 
to the process at the existing rate. As a 
result, output temperature will contin- 
ue to change even after the controller 
begins corrective action. 

However, by adding the compen- 
sating feedforward circuit, the effect of 
such input flow-rate changes is largely 
overcome, as follows: A flow trans- 
mitter senses changes in input flow 
rate almost instantly. The flow trans- 
mitter output signal is fed forward 
(that is, in the same direction as the 
material flows through the process) 
to the relay. The relay delivers to the 
control valve a signal bearing a 1:1 
ratio to the temperature controller out- 
put, plus or minus a signal propor- 
tional to the rate of change (deriva- 
tive) of input flow. Thus, input flow- 
rate changes compensate the rate of 
fuel input to the heater in anticipa- 
tion of the effect which such product 
input changes will have on the output 
temperature. 

Impulse feedforward control can be 
used, also, to prevent interaction be- 
tween two control loops, as in the 
hydrogen adsorber of Figure 3. A ni- 
trogen blanket is maintained above a 
bed of process liquid, which adsorbs 
hydrogen. If the rate of hydrogen ad- 
sorption suddenly changes, the liquid 
level, and consequently, the nitrogen- 
padding pressure, also changes. Both 
the hydrogen pressure and the nitrogen 
padding pressure are automatically con- 
trolled. On disturbances such as above 


Figure 4. Predictive feedfor- 
ward action instantly corrects 
for 16:1 load change when 
throttle to test engine is opened. 





described, these two fast-acting pres- 
sure control loops tend to interact, 
causing constant cycling (“hunting”). 

This tendence toward interaction 
can be eliminated by adding a relay 
in the hydrogen pressure control loop. 
Any sudden change in the hydrogen 
pressure will, through the relay, also 
change the nitrogen pressure simul- 
taneously. Thus, the nitrogen pressure 
control system anticipates the nitrogen 
pressure change that eventually would 
result from the change in rate of hy- 
drogen adsorption. Result is not only 
stable, non-interacting control, but 
closer regulation of hydrogen adsorp- 
tion. 


Other Impulse Feedforward Appli- 
These impulse feedforward 
Circuits are used also in: 


cations. 


Two-element boiler drum level con- 
trol in which an impulse circuit com- 
pensates for the “shrink” and “swell” 
conditions which occur as the steam 
flow suddenly changes. 


b. Propane vaporizer control, in which 
the impulse relay prevents interaction 
between a vapor-pressure controller 
and a steam-pressure controller. 


3. Predictive Feedforward 
with Feedback 


Essentially, this system is open-loop 
control with closed-loop feedback su- 
perimposed. It is useful only where 
there is a predictable relation between 
load changes and the required value 
of the manipulated variable (control 
valve position). 

An ordinary single-loop feedback 
control of the engine test stand (Fig- 
ure 4) would consist of the absolute- 
pressure transmitter, and controller 
with its output going directly to 
the actuator and valve positioner. Ob- 
jective is to hold balloon pressure to 
+0.05” Hg absolute. Air is supplied 
to the windbox from a blower, and 
pressure is controlled by venting part 
of the air to atmosphere through the 
bleed-off valve. 

This single-loop control cannot cope 
with the severe air flow change of 
16:1 in 2 seconds which occurs when 
the throttle suddenly is opened. 

Addition of a predictive feedfor- 
ward circuit solved this problem as 
follows: The absolute pressure con- 
troller output was connected into an 
adding-subtracting relay (see Figure 
4). And the output from a motion 
transmitter actuated by throttle motion 
also was connected into this relay. 
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Then, as the throttle is opened, the 
bleed-off valve immediately closes (as 
shown in the small graph upper right, 
Figure 4). This is, of course, open-loop 
control, which is possible because there 
is a predictable relation between throt- 
tle position and bleed-off valve posi- 
tion. 

The principle here is this: The 
open-loop system acts simultaneously 
with load changes, thus providing cor- 
rection at the optimum rate. On the 
other hand, the closed-loop system 
(absolute pressure transmitter and con- 
troller), acting only after an error de- 
velops, simply trims the system to 
correct for the limitations inherent in 
open-loop control. Theoretically, if its 
characterization were perfect and all 
other conditions affecting balloon pres- 
sure would remain ideal, simple open- 
loop control would produce the re- 
quired 0.05” Hg pressure accuracy. 
Practically, however, conditions never 
do remain ideal, so open-loop control 
alone is inadequate. 

This predictive feedforward control 
is used, also, on some types of three- 
element steam boiler drum level con- 
trol. 


4. Cascade with Ratio 
Predictive Feedforward 


Combining cascade control with pre- 
dictive feedforward action, this multi- 
loop system provides immediate ad- 
justment for load changes, plus final 
trim action for accurate control. Al- 
though differing somewhat, both fol- 
lowing examples are of this type. 

In Figure 1, we saw how cascaded 
control provided compensation for 
changes in steam pressure (manipu- 
lated variable). Figure 5 shows how a 
predictive circuit is added to provide 


immediate compensation for changes 
in product flow, as well. 

In this system, the secondary con- 
troller not only receives its control 
point from the primary controller 
(cascade) to hold outlet temperature 
at the desired value; it also maintains 
an energy balance between flow of 
product and flow of steam. Obviously, 
when product flow increases, steam 
flow must increase also (as shown in 
graph lower left, Figure 5). This rela- 
tion between steam flow and product 
flow is obtained by metering the two 
flows, and measuring the differential 
between the two flow transmitter sig- 
nals (linearized). The output of this 
differential transmitter then becomes 
the measured variable (MV) input to 
the secondary controller. 

The control system operates in this 
manner: When product flow changes, 
the energy balance controller immedi- 
ately moves the steam control valve 
to maintain the required product-to- 
steam flow relation, long before the 
heater outlet temperature is affected. 
On the other hand, should it be the 
steam flow that fluctuates (due to 
supply pressure changes), the energy 
balance controller immediately moves 
the control valve to maintain the de- 
sired product-to-steam flow relation. 
And the primary controller, through 
cascade action on the secondary control 
point, trims the system to overcome 
the limitations of the open-loop feed- 
forward energy-balance controls. 

This type system also is used in 
certain varieties of three-element steam 
boiler drum level control. 


End-Product Quality Control by 
Analyzer. The advent of reliable, con- 
tinuous, process-stream analyzers en- 
ables direct, closed-loop end-point con- 
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trol of many processes which formerly 
had to be controlled by open-loop 
ratio control systems. A good example 
is the fuel-air-ratio boiler control of 
Figure 6. 


A common air-fuel ratio control 
scheme was to monitor changes in fuel 
flow rate, and to control air flow in 
proper proportion. However, the most 
economical air-fuel ratio is not fixed, 
but should vary with fuel Bru changes, 
air density and air moisture. Thus, 
open-loop ratio control left much to 
be desired. 

True end-point control can be added 
by connecting the output of an oxygen 
analyzer, continuously measuring ex- 
cess air in the fuel gas (Figure 6), into 
the ratio relay so as automatically to 
vary the fuel-air ratio being main- 
tained. Here, the ratio control provides 
the predictive feedforward control, giv- 
ing immediate correction for changes 
in either air or fuel-flow rate. And 
the analyzer feedback loop provides 
trimming action to produce maximum 
combustion efficiency. 

Very similar circuits will produce 
optimum control of pH, specific grav- 
ity, Consistency, viscosity and, in gen 
eral, of any product quality that can 
be continuously analyzed. In each case, 
output of an analyzer resets the ratio 
of a ratio-control system. 


5. Limiting Selector Control 


These selector systems are, in tact 
simple computers, where relays auto- 
matically, continuously determine 
which of two (or more) controilers 
will have command of a control valve 
The system carries out its normal con 
trol function until an abnormal condi- 


tion arises. Then, it automatically re- 
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linquishes its normal control to hold 
the abnormal condition within pre- 
selected limits. When the abnormal 
condition abates, the control auto- 
matically resumes its normal function 
Limiting selection is far superior to 
safety shutdown systems: it continues 
operation uninterrupted, and overrides 
normal control only by the amount 
and for the time required for safety. 
Or, the override loop can be used to 
keep a process within more desirable 
or more economical limits, rather than 
safety limits. 

A good example of a limiting se- 
lector system is shown in Figure 
Under normal conditions, discharge 
pressure (downstream of pump) is the 
controlling variable. If, when the suc- 
tion (upstream) pressure drops (indi- 
cating a break in the pipeline or 
malfunction of the upstream booster 
station) the discharge pressure were 
allowed to continue as the controiling 
variable, the control valve would be 
opened wide in attempting to raise 
the discharge pressure back up to the 
control point. This action eventually 
would result in vapor lock and ulti- 
mately burn out the booster pump. 

To prevent this, a selector system 
is employed (Figure 7). Outputs from 
both the discharge and the suction 
pressure controllers go to a selector 
relay. In this particular pneumatic 
control system, using a normally-closed 
(air-to-open) control valve, a low- 
pressure selector relay would be 
chosen. The relay automatically, step- 
lessly selects whichever of the two 
controller outputs is lowest, and de- 
livers, in 1:1 ratio, that pressure to 
the control valve. 

The suction pressure controller con- 
trol point is adjusted to the allowable 


low limit of suction pressure. Then, 
under normal conditions, suction pres- 
sure will be above this control point, 
and suction controller-output will be 
maximum (direct-acting control). So 
the discharge pressure controller will 
have the lower output, and the se- 
lector relay will deliver that output 
(1:1) to the control valve. But just as 
soon as suction pressure drops below 
its control point, the suction controller 
output will drop below that of the 
discharge controller. And the low- 
pressure selector relay will smoothly 
transfer suction control output to the 
control valve; that is, the selector relay 
puts into control that pressure system 
with the lowest output. Neither limit 
—too-high discharge pressure, nor too- 
low suction pressure—is exceeded. 

To prevent the reset action of the 
disconnected controller from saturating 
(“reset windup”), reset feedback sig- 
nals of both controllers are connected 
in common to the output of the se- 
lector relay (see Figure 7). Thus, reset 
action in the disconnected controller 
is always ready instantly to take over 
regulation of the control valve with no 
disturbance or “bump.” Had the con- 
trol valve been normally open (air to 
close), a high pressure selecting relay 
would have been chosen. 


Other uses for this limiting selector 
system: to hold combustion processes 
within safe temperature limits; to 
limit temperature differentials across 
heat exchangers; and to prevent flood- 
ing in tar distillation towers. 


6. Flow Distribution 
Selector Control 


Here, the control points of two or 
more control loops operating in paral- 





lel are adjusted by a single master con- 
troller. This system will maintain a 
predetermined flow distribution pat- 
tern while minimizing head loss 
through the several control valves. 

A fine application of this flow dis- 
tribution selector is shown in Figure 
8. Traditionally, no control has been 
used on blast- 


furnace tuyeres; tuyeres are simply 


air distribution to 


open pipes, and air was passed through 
them in any random pattern. 

If the furnace burden of iron ore, 
limestone and coke should start to 
pack down at one point, air flow in 
that region would drop due to greater 
resistance to flow. Conversely, should 


voids develop in the burden, air would 


tend to channel through that area. Such 
nonuniform air flow results in erratic 
furnace operation, and should an air 
channel develop along the brick fur 
ace lining, erosion and _ premature 
brickwork failure would result 

The blast-furnace air-distribution 
control works as follows: Each tuyere 
has a complete air-flow control sys 
tem — venturi, differential - pressure 
transmitter, flow controller and butter- 
fly valve. And each tuyere air-flow 
controller receives the same control- 
point signal—the output from the 
master controller. Thus, each tuyere 
controller operates its butterfly valve 
so as to maintain identical flows 
through all tuyeres. Obviously, the 
widest-open butterfly valve will be on 
that tuyere meeting the greatest flow 
resistance (due to burden compacting) 

The selector relay’s job is to deter 
mine the position of this widest-open 
valve. Note that the output signal 
(CO) from each tuyere controller is 
connected into this selector relay as 
well as to each butterfly valve. Inas- 
much as the butterfly valve opening 
is proportional to its controller output 
signal, the selector relay can determine 
this widest valve opening simply by 
selecting the highest controller output 
signal. The selector relay delivers this 
widest valve-opening signal as the 
MV input to the master controller. 

Then, the control point of the mas- 
ter controller is manually adjusted to 
hold the widest-open butterfly valve 
at its maximum opening( just off its 
wide-open position stops). Since the 
master controller output (CO) is the 
control-point input (CP) to each 
tuyere flow controller, each of the 
other butterfly valves will be throttled 
down somewhat, so as to deliver the 
same flow as is occurring through the 
most-resistant tuyere. Hence, the furn- 
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ace Operates with maximum economy 
all tuyere flows are equal, yet contro! 
valves are as wide open as p ssibl 

consistent with equal air flow, which 


minimizes blast pumping pressures 


7. Selector Split-Load 
Supply Control 
The selector split-load system is 

most useful for controlling large com- 

pressors W here operating costs increase 
directly with pumping pressures 
Control points of the two parallel- 
connected flow controllers are inde- 
pendently adjusted (Figure 9). While 
only two parallel branch pipes are 
shown, any number of branches can 
be connected into this control system 
Each branch pipe meets with a differ- 
ent resistance to flow. The selector 
relay selects and retransmits (to the 
compressor controller measured-vari- 
able port MV) a signal proportional 
to the position of the widest-open con- 
trol valve. The compressor controller 
then adjusts the compressor inlet vanes 
(which affect flow and pressure) so as 


to keep the widest-open val\ 
maximum opening. The other valve(s 
will, of course, be throttled somewhat 

Thus, while each branch flow is 
controlled to its set, independent flow 
rate, the compressor is operated at just 
sufficient pressure to satisfy the most 
heavily-loaded branch. In so doing, the 
control automatically provides enough 
pressure to satisfy all other parallel 
branches. This control system is used 
mostly on single air compressors which 
supply two or more parallel branches. 
These branches can be separate fuel 
distribution manifolds to a single fur- 
nace, or separate pipes leading to dif- 
ferent processes. 

It is my hope, in presenting these 
seven basic multiloop control circuits, 
that instrument engineers will find in 
them a standard reference through 
which they will develop applications 
in every field of industry, far beyond 
the specific examples I herein describe. 

Taken from a presentation to ISA Win- 


ter Conference, Houston, Texas, Feb. 1-4, 
1960. 
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Figure 9. Selector split-load control adjusts compressor 
pressure to just satisfy the most highly-loaded branch. 
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Probing a Vital New Field 


Why Sample Data? 


by ELIAHU |. JURY 
Associate Professor, 
Electrical Engineering 
University of California, Berkeley 


Rapid advancements during recent 
years in the development of digital 
computers and their use as compo- 
nents in feedback systems have 
brought "data sampling’ into sharp 
focus. To help you find out what it 
is and how it's applied, here is a 
simplified introduction to this com- 
plex subject. 


IN RECENT YEARS there has 
been much activity and interest in a 
relatively new field known as sampled- 
data or digital control systems. The 
latter name implies the use of a digital 
computer or digital sensing element in 
either a continuous or sampled-data 
system. Since the fundamental opera- 
tion of the digital computer is based 
on intermittent data, it is treated as a 
sampled-data system. Such control sys- 
tems find many applications in various 
branches of control engineering such 
as electrical, mechanical, chemical and 


nuclear. 
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To familiarize control engineers with 
the development and progress in this 
field, a brief preliminary survey seems 
necessary. 


What is it? 

A sampled-data system is one that 
receives information or data only for 
prescribed instants of time. If these 
information periods are equally spaced 
in time, the system is called periodic. 
Conversely, if they are not equally 
spaced, but random or time-varying, 
the system is called aperiodic. Re- 
gardless of which sampling method is 
used, no information is received from 
a given sample between two consecu- 
tive signals. 

To illustrate simply how a sampled- 
data system operates, consider the 
block diagram shown in Figure 1. For 
convenience, assume that the system is 
linear and periodically sampled. Also, 
the sampler (shown in. the figure as a 
single-pole switch) must be considered 
ideal. That is to say that it can make or 
break contact instantly without spark- 
ing. 

Now if the continuous input e(t) 
is represented as shown in Figure 2a, 
the sampler output e,(t) can be de- 
picted as in Figure 2b. 


y - 
eeescecenee 


Laboratory 
setup uses 
analog com- 
puter and 
sampling 
equipment. 


In some applications the closure 
time, h (information duration), is very 
small compared to the time constant 
of the continuous system; then the 
finite pulses of Figure 2b can be re- 
placed by the impulses of Figure 2c. 
These impulses have areas equal to 
the corresponding input function, pro- 
vided the gain of the system following 
the sampler is replaced by K x h, 
where K is the gain of the continuous 
system and h is the duration of the 
sample period. 


In order to recover the input signal, 
the sampling frequency should be 
equal to, or greater than, twice the 
highest-frequency component of the 
input signal. The reason is obvious — 
if the rate of sampling isn’t fast 
enough, the output from the sampler 
cannot be expected to truly represent 
the system variations to an acceptable 
degree. The shorter the sampling peri- 
od, T (Figure 2), the closer is the 
approximation to the actual continu- 
ous system. In fact, the continuous 
system can be considered as a special 
case of the general field of sampled- 
data control when T approaches zero. 


Sampler Types 


There are many variations of the 
sampling techniques, such as, periodic 
staggered, multi-rate, multiple sampler, 
cyclic rate, skip sampling, slowly vary- 
ing rate, piecewise constant rate, finite 
pulse width, random, signal dependent, 
and pulse-width modulated sampling 
schemes. Common among these are 
the single and multiple types. 


A multiple-sampler system is de- 
fined as one with two or more pulsed 
elements (operating at different samp- 








Figure 1. Block diagram 
of a sampled-data system. 
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ling rates) incorporated in the control 
system. If the second sampler of Figure 
1 is added, a multiple-sampler system 
results. 

Two often-used adaptations of the 

multiple- sampler system are: The 
Multirate System—one in which sam- 
pler T2 samples the output of the 
controller at some multiple rate of the 
input sampler T,. 
The Delayed Multiple Sampler—one 
having the initial closure of sampler 
Tz delayed by a prescribed period of 
time with respect to closure of T}. 

All of these types, and others too 
numerous to mention in an introduc- 
tory article of this kind, find suitable 
use in various applications. 


Theory 


Because of the widely increasing 
importance of sampled-data systems, 
considerable activity has been directed 
toward their mathematical analysis, 
synthesis, and optimization; and as a 
result, several books have been pub- 
lished recently in this field. ** Among 
the several approaches to analysis is 
the widely known z-transform method, 
which is actually a form of Laplace 
transform that is ideal for discrete 
systems. 

As an elementary definition of the 
z-transform method, assume that the 
input to a system (Figure 1) is de- 
noted as e(t). The sampled input is 
then e(nT) = e(t) ,_.., where T is 
the sampling period. The z-transform 
of e(t) is defined by Equation 1 below. 

Tables of z-transforms, which can 
be systematically used in the analysis 
and design of sampled-data systems, 
are readily available in the literature. 


1Superior numbers refer to similarly 
numbered references at the end of 
article. 


EQUATION 1 


2 


n—0 


Various modifications extend this 
analytical tool to meet numerous con- 
ditions and applications such as multi- 
rate, multiple sampler, finite pulsed, 
time varying, randomly varying, adap- 
tive, and nonlinear sampled-data con- 
trol systems. In many applications the 
conventional techniques such as Ny- 
quist criterion, Bode diagrams and 
Nichols charts, which find general 
use in continuous systems, can be ex- 
tended to the sampled-data technique. 


Advantages Prove Useful 


Some of the uses and advantages of 
sampling techniques or digital systems 
are: 

1. Since it is mot mecessary to con- 
tinuously drive a load, error sampling 
devices can be made extremely sensi- 
tive in terms of power gain. Relatively 
low-power-level signals can be ampli- 
fied easily by a chopper amplifier. 

2. Sampling is used to time-share a 
computer or other device among sev- 
eral systems to improve the efficiency 
and economy of the controlled process. 
3. Sampled data in the form of digital- 
coded signals can be transmitted with 
good accuracy. 

4. Digital computers are light in 
weight when compared to analog com- 
puters. For a given weight, the ca- 
pacity of digital types is far greater 
than that of analog models. 

5. Digital data can be stored readily 
and subsequently reintroduced into the 
system without loss of fidelity. This 
permits elaborate command-signal pro- 
grams to be formulated and executed 
with extremely high accuracy. 

6. Digital computers can be used as 
compensators for single- or multi- 
channel control systems to improve 


B*(2) = 3 eure” =| = e(nT)z-" | , 


where E*(z) is called the z-transform of e(t). 


their static and dynamic characteris- 
tics. 

7. Mathematical can be 
performed on digital data without, to 
a large extent, concurrently introduc- 


operations 


ing noise or errors. 

8. Nonperiodic sampling with pulse- 
width modulation is used in compen- 
sating and improving system perform- 
ance. 

9. Digital sensing devices, particularly 
rotary and linear-position sensors, are 
available with an accuracy and resolu- 
tion difficult to achieve by analog 
techniques. 

10. Sampled-data systems are easier to 
analyze than continuous ones. There- 
fore, sampling is used to approximate 
continuous systems in analysis and 
design. 

11. For economic reasons, random 
sampling may be intentionally em- 
ployed when a time-shared digital 





Figure 2a. Input to sampler. 
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Figure 2b Actual sampler output. 
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Figure 2c. Mathematical sampler 
output. 
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Figure 3, (left). Multichannel drift stabilization system. 


Figure 4, (right). Digitally-controlled drill-table positioning system. 


computer is available to any particular 


process only at nonperiodic times. 


Applying the Theory 


To illustrate the diversity of appli- 
cations for sampled data s\ stems, five 
examples from different branches of 


control engineering are presented: 


Multichannel Drift Stabilization? In 
this system, shown in Figure 3, one 
stabilization amplifier is used to stabil- 
ize a group of d-c amplifiers with the 
aid of a sampler (commutator), which 
samples the error-point voltage of each 
amplifier in turn. By time-sharing the 
stabilization amplifier among several 


d-c amplifiers, the cost, size, and main- 


nance of equipment 1S reduced 


Digital Control of Drill-Table Post 
tion.’ Figure 4 illustrates a_ typical 


digital control system, used to control 


table motion so a number of specified 
holes can be drilled in a work piece. 
This iS, indeed, a discrete positioning 


system. The digital computer provides 


a high linearity and fine resolution 
that cannot be achieved by analog 
techniques. 


Inventory Control.® Figure 5 is a block 
diagram of an inventory control prob- 
lem where multiple-sampler systems 
(staggering & sampling systems) are 
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Figure 5. 
Inventory 
control 
system. 
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applied for analysis and stability im- 
provement. By this method, a certain 
quantity of parts (such as screws) is 
maintained in a storage location. The 
parts are manufactured at a distant 
plant and shipped to the storage loca- 
tion. The shipping time is represented 
by 

A study of process 


ntrol.' 


Process ¢ 


control emphasizes _ that 


dynamics 
optimum control can be achieved if 
corrective control action is initiated 
in response to a sampling of the sys- 
tem’s primary dependent variable. A 
schematic diagram (Figure 6) shows 
a system consisting of composition 
computer 


analysis instrumentation, 


control, and sampling equipment. 


Guidance Control.* A block diagram 
(Figure 7) illustrates a pure pursuit 
plan for missile navigation. The sys- 
tem error, equal to the angle between 
the line of sight and the actual heading 
(Figure 7b), is reduced to zero (in 
minimum time) by the control system, 
which employs a discrete or a digital 


Cc ym pensate or. 


Conclusion 


The sampled-data field is still a 
very new segment in the broad general 
category of automatic controls — itself 
not very old! Since new developments 
are constantly occurring, progress is 
quite rapid. The very recent papers®?° 
discussing the various methods of 
analysis and synthesis attest to the 
timeliness of the subject. Perhaps this 





























Figure 7a, (Left). Guidance system for missile navigation. 
Figure 7b, (Right). Typical navigation geometry. 


introductory paper has stimulated your 


Own greater interest. 
pp 99-106 
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Shaft Encoder Employs Magnetic Technique 


Shaft position-to-digital encoders are relatively new elec- 
tro-mechanical devices that deliver two-level signals rep- 


resenting binary expressions of input shaft position. 


A new magnetic technique, developed to meet rigid 
Navy standards by Librascope Division of General Precision 
Inc., uses changes in the magnetic induction of readout 
cores to provide voltage signals designating binary “ones” 
or “zeroes”. A ferrite disk, having raised and depressed 
portions in a binary-coded pattern, is driven by the input 
shaft. Signals are generated in response to rotation of these 


portions past the readout cores. 


In the simplified schematic, only one concentric track of 
raised and depressed portions and one readout core are 
shown. The tiny core, driven by an a-c source, has a winding 
with sufficient ampere-turns to magnetically saturate it 
just before completion of each half cycle of the driving 


signal. 


The readout core and code disk are positioned in a fixed 
magnetic field, generated by a coil fastened to the mag- 
netic housing. The disk occupies the air gap between 
housing ends. The total magnetic path is from the field 
coil through the code disk, readout core, air gaps, and 


housing 


Within the readout core, flux density results from flux 
generated by the core’s excitation, and that from the core- 
encompassing magnetic circuit. However, flux density of 
the fixed field is a function of reluctance along the total 
magnetic path. Altering code-disk thickness changes the 
air gap between rotary disk and readout core, resulting in 


a total-circuit flux-density change 


This change alters the net magnetic induction of the 
core and concurrently manifests itself as a core impedance- 


and voltage-drop-change. 


Thus voltage across the core varies with the raised and 


depressed portions of the code disk. Providing “one” to 





“zero” voltage 
ratios of 20:1 or 
more, this tech- 
nique permits a 
wide choice of 
readout circuits. 
True binary, 
Gray, and other 
codes with eith- 
er serial or pa- 
rallel readouts 
can be used. 
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How one ISAman encouraged instrument 


careers among his local high school students. 


Operation Snowball 


by DAVID M. BOYD, JR. 
(Senior Member, ISA) 
Supervisor, Instruments Group 
Engineering Department 
Universal Oil Products Company 
Des Plaines, Illinois 


LOOKING BACK on it after four 
years, my preliminary move seems in- 
nocent enough. I had heard Professor 
Dunning of Columbia University say 
that the US faced its worst threat in 
history — not so much from Russian 
military might, as from their tremend- 
ous emphasis on science education. He 
pointed out that many impressive new 
US high schools were going in with 
fancy gyms and swimming pools, but 
with no science laboratories! 

In Russia, Dunning said, engi- 
neering students are paid to go to 
school, and on graduation get five 
times the salary of a Russian truck 
driver. In this country, the average 
graduating engineer is lucky to get 
the same pay as a US truck driver, and 
most get only half. So Dunning en- 
couraged his audience to visit their 
local schools to see what was being 
done for science education. 

Then at a Heidelberg, Germany, 
lecture assignment, I met several Rus- 
sian scientists who confirmed Pro- 
fessor Dunning’s remarks on Russian 
science education. 


ISA Journal 


All this set me to wondering just 
what could be done to overcome 
this apparent Russian advantage. Why 
would a US student today want to 
spend four years and at least $15,000 
to become an engineer or scientist 
knowing that, on graduation, he would 
be paid less than if he had joined a 
union instead of going to college? 

Of course, we older engineers know 
that a college education is a wise in- 
vestment on a long-term basis, and 
certainly engineering can’t be beat for 
job satisfaction. But how many stu- 
dents realize this im time to equip 
themselves for a science career? For 
such a decision must be made early in 
high school in order to get the proper 
math and science to qualify for college 
science or engineering courses. 

Deciding that I as an individual 
would do all I could to help our, I 
took Professor Dunning’s advice and 
visited our Hinsdale Township High 
School. And, instead of treating me 
as a busybody, the school staff made 
me welcome, and were very proud to 
show their science program to anyone 
interested. I left convinced we had in 
Hinsdale one of the finest high schools 
in the country. 


Snowball Begins to Roll 


Shortly after, I learned the school 
was starting a ham radio club. When 


Dave Boyd 
(left) 

in his famous 
basement 
workshop 
figures out 
some of the 
math in- 
volved in the 
Operation 
Snowball 
digital com- 
puter as 
Hinsdale 
High School 
student work- 
ers look on. 


I notified Russel Poppenhager, high 
school science department head, that 
I had some extra electronic equipment 
to donate, the lads he sent to get it 
started to tell me of their interests. 
I haven’t the slightest idea how, but 
our conversation drifted to digital 
computers—and we were off! 

The boys were much interested in 
the subject, so I explained a little of 
digital computer theory to them. The 
speed with which they picked up 
binary counting principles amazed me. 
As the use of Boolean algebra much 
interested them, I worked out a circuit 
that would add on the binary scale. 
The boys themselves then worked out 
a circuit for producing the carry for 
the next addition. Well pleased with 
their eagerness, I bade them goodby — 
I thought! 

Just two nights later, back they 
came with a subtract circuit they 
worked out on their own. I let them 
have some extra relays in my basement 
workshop to try out their circuit. (Lit- 
tle did I know the consequences! ) 

From this simple beginning there 
developed a project that has “snow- 
balled” into an 8,000-word transistor- 
ized digital computer with the possi- 
bility of 128 commands. Truly a re- 
markable machine in any league, but 
almost unbelievable to have been de- 
signed and built by high school stu- 
dents! Inasmuch as the end result is 
so extraordinary, it is best that we now 
retrace the steps which made “opera- 
tion snowball” grow the way it did. 

Shortly after the boys built their 
relay adder, Panellit Inc. donated some 
surplus relays, and reject Panalarm 
units. These relays were incorporated 
into subtracting units, shift registers 
and memory cells. Thus, at the end of 
a year and a half, we had taking shape 
a relay computer with a 15-word 
capacity and a word length of 10 bits. 

Then in April 1959, our basement 
project was visited by a representative 
of Control Engineering who had heard 
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Front view 


(right) of the 


SECRETE STE 


8000-word, 


128-command transistorized digital computer 
planned and built by high school students in 
their spare time. Power supplies are in cab- 


inet below the Flexowriter printout. 


Rear 


view (above) of computer shows complex 
transistor circuitry. Bryant magnetic drum 
memory (left) will be housed in lower main 


cabinet. 


of the project. He was so favorably 
impressed with the way the boys were 
working that he offered to try to se- 
cure additional relays from other com- 
panies. I knew that some of the newer 
Government equipment used small 


magnetic drums and suggested that he 
keep an eye out for a surplus drum. 


Snowball Revolutionized 

About a month later he phoned us 
that Bryant Computer Products was 
interested in donating a magnetic 
drum to the project and would like to 
have more details. As you can imagine, 
this revolutionized the project. It would 
be a crime to tie a manetic drum intoa 
bunch of relays so after much discus- 
sion, we decided to try to build a tran- 
sistorized digital computer using the 
drum. 

We then had to decide upon a clock 
frequency. The higher the clock fre- 
quency we could use, the more capaci- 
ty our drum would have. However, too 
high a frequency would demand spe- 
cial computer transistors instead of the 
cheaper entertainment types that we 
were considering. It was finally de- 
cided to have a clock of 1,024 bits 
recorded on the drum. This would give 
a clock speed just over 60 kilocycles. 

This information was phoned to 
Bryant, who then changed their origi- 
nal plans for a 20-head, 400-word 
drum and went to a 50-head, 1,500- 
word drum because we were using the 
slower clock frequency. We then de- 
signed a flip-flop using entertainment- 
type transistors which are usable to 
100 kc—plenty of leeway at 60 kc. 


Snowballing in High Gear 
About this time, Hoffman Semi- 


conductor Division donated 2,000 sili- 
con diodes, Panellit sent over a Flexo- 
writer and Daystrom Systems donated 
200 transistors. So our project really 
got into high gear during the summer 
of 1959. The boys worked in my base- 
ment shop almost every day and night 
for six weeks, sometimes staying until 
11 or 12 o'clock at night. 


Needless to say, supplies dwiadled 
rapidly and it became necessary for 
me to purchase 200 transistors to keep 
the project going. Fortunately Control 
Engineering again came to our rescue, 
and the flow of supplies started to 
pick up. Raytheon donated 500 tran- 
sistors and 1,000 more diodes. During 
the ISA show, International Resistance 
Company gave 10,000 resistors and 
Gulton Industries 1,500 condensors. 

Around this time, Bryant Computer 
Products heard about the remarkable 
progress my boys were making and 
offered to put 250 heads on the drum 
to give it an outstanding 8,000-word 
capacity. Each word is 32 bits long, 
which means that numbers approach- 
ing one billion can be handled in our 
computer. It will have 128 commands 
when finished. 

The computer progressed rapidly 
during the 1959 Christmas Holidays 
and is now in the final stages of ca- 
bling up. Then last January, I received 
word that Texas Instruments Company 
was sending 2,500 silicon diodes and 
about 600 more transistors, which in- 
sures completion of the project! 


You Too Can Make A Snowball 


Four years ago it looked to me that 
the Russians’ tough educational system 
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had our democratic methods beat! 
Today, I am not so sure. 

The fact that high school students 
could design and build an 8,000-word 
solid-state digital computer on their 
own time without receiving any school 
credit for it, sounds impossible. Even 
more encouraging is that our “capital- 
istic” companies supported such a 
project by givimg so much material! 

If you engineers and scientists 
will provide even the slightest bit of 
encouragement and challenge to to- 
day's students, you will find they have 
the enthusiasm to snowball your proj- 
ect into dimensions you would have 
thought impossible before you tried. 
I have never worked in a project that 
gave me more personal satisfaction 
than this one. I strongly recommend 
that each of you “roll your own” 
snowball. 

In conclusion, I thank especially Bill 
Vannah and Control Engineering for 
their help in procuring equipment; 
and in addition to companies above 
mentioned, I thank the following 
firms for contributing to our project: 
Westinghouse; power rectifiers 
Lansdale Tube Co.; 150 transistors 
Transitron Electronic.; 100 diodes 
Amphenol-Borg; connectors 
Clevite Transistors Inc.; 100 diodes 
Heath Co.; oscilloscope kit & power 

supply kit 
Beckman Instrument; 200 transistors 
Friden, Inc.; Flexowriter servicing 
Sun Electric Corp.; meters 
Amco Engineering Co.; cabinet 
General Electric; 800 transistors 
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Figure 1. Materials- 
handling system. 


Oxygen 
Process Enhances Steel-Making 


by DOUGLAS J. PEARSE (ISA Member) 


Associate Instrumentation Engineer 
Kaiser Engineers 

Division of Henry J. Kaiser Company 
Chicago, Illinois 


The impressive performance of a 
new basic-steel-making process is 
causing steel producers to sit up and 
take notice! What role does instru- 
mentation play in this success? Here 
is a review of the instruments and 
controls used, the problems encoun- 
tered, and the ultimate to be ex- 
pected from this process. 


A NEW PROCESS, representing a 
major advance in the refining of 
molten iron to steel by oxidation, has 
attained widespread acceptance both 
in this country and abroad. Kaiser 
Engineers is the United States licensor 
for this method, called the L-D process 
after Linz-Donawitz (the two Austrian 
locations where the process was com- 
mercially developed). The process uses 
a jet of high-purity oxygen directed 
onto the molten-metal surface in an 
upright furnace. After eight years of 
commercial production, the L-D plants 
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are characterized by high-tonnage ca- 
pacity, quality steel, and reduced op- 
erating costs. 


General 


To understand the instrumentation 
involved, something must be known 
about the L-D furnace. Refractory 
lined, it resembles the Bessemer in 
shape, but has no tuyeres, wind box, 
blast pipe, or removable bottom. In 
operation, the furnace is tilted to re- 
ceive the scrap and hot-metal charge 
and then returned to the vertical po- 
sition for the “blow” cycle. Vertically 
positioned above the molten surface is 
a water-cooled lance which admits 
high-pressure oxygen through-a nozzle 
onto the liquid bath. Reaction (igni- 
tion) with the hot metal in the area 
of contact is almost instantaneous, and 
the “blow” is underway. Immediately 
after the oxygen is intreduced, various 
flux materials are added. 

The principal constituent of the re- 
sulting gases is carbon monoxide. It 
burns with a hot, bright flame that 
visibly subsides to mark the end of a 
“blow.” 

At this point, the oxygen flow is 
stopped and the furnace tilted toward 
the charging side, where the slag and 
steel are sampled and the steel temp- 
erature is measured. Swinging back 
through the upright position and 


toward the opposite side, the furnace 
discharges its contents, through a tap 
hole, into a teeming ladle. Additives, 
if required, may be introduced at this 
time. 


Materials Handling 


Molten pig iron is transported from 
the blast furnaces to the L-D plant by 
torpedo cars (Figure 1). Upon arrival, 
the hot metal is poured into an iron 
transfer ladle and held in readiness 
for charging. To permit calculation of 
the quantity of scrap, flux, and oxygen 
needed for refinement to steel, meas- 
urements of hot metal weight and 
temperature and a chemical analysis 
are required. 

Hot-Metal Weight. The hot metal can 
be weighed in the torpedo car or the 
transfer ladle by using mechanical- 
beam balance scales or load-cell-type 
electronic scales. One method is to 
weigh the metal in the car by sub- 
traction, using railroad-track scales 
with load cells as primary sensors. 
This way, possibilities of damage to 
the scales from hot-metal splashing or 
accidental dumping are reduced. Since 
the system can provide either manual 
or automatic torpedo-car rotation, it 
can control, to a preselected weight, 
the amount poured into the ladle. 
Having set the total-weight-control in- 
dex, the operator can read the decreas- 
ing weight on a local dial. Printout 
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Figure 2. Instrumentation for oxygen-cooling-water system. 


and manual override controls are pro- 


vided. 


Hot-Metal Temperature. This too can 
be measured either in the torpedo car 
or in the transfer ladle. The latter 
point, being more representative of 
the charging temperature, is preferred. 
Measured with a mobile, expendable- 
tip, immersion thermocouple, the 
temperature is recorded in the hot- 
metal “scale house.” 


Hot-Metal Analysis. Since there is no 
direct means for determining the 
chemical analysis of the molten metal, 
a metal sample must be procured for 
subsequent processing by chemical 
“wet laboratory” or spectrometer meth- 
ods. The sample, preferably taken from 
the transfer ladle, can be transported 
easily to a remote laboratory by a 
conventional pneumatic-tube system. 


Scrap. Generally, steel scrap is loaded 
in boxes and weighed. The “live” 
scale requirement (trimming or addi- 
tions are made while the box is on the 
scale) favors the use of load cells as 
primary sensors. Local dial indication 
and printed readout are provided. 


Flux Additives. Flux additions are 
based on weight and, therefore, require 
an automatic batching or feeder sys- 
tem for controlled entry to the furnace. 
Several commercial batching systems 
are available; however, process devel- 
opment indicates that advan- 
tages can be realized if both the weight 
and rate of flux feed are controlled. 


more 


The various additives are discharged 
through individual gravimetric belt 
feeders to a collector belt serving the 
furnace entry chute. By sensing weight 
(except in the case of coke), the feeders 
control the rate of flow. Master feeder 
controls, requiring a totalizer, set and 
control the predetermined weight of 
an additive while feed-rate controls 
allow variable setting of the feed rate. 
Instrumentation includes feed-rate in- 
dication and total-weight printout for 
each additive. Differing from the other 
additives, coke is discharged by volwu- 
metric control. 


Process 


The “heart” of the L-D plant is the 


oxygen it uses. To achieve a low resi- 


dual nitrogen content in the steel, the 
oxygen purity must be 99% or higher. 
Generally, in these plants, the oxygen 
facility is capable of producing and 
supplying 99.5 to 99.8% pure oxygen 
at about 400 psi. 


Upon entering the plant, the oxygen 
supply is analyzed for purity. Its flow 
and pressure are measured and re- 
corded. If the oxygen purity is low, 
the condition is annunciated in the 
control pulpit. At each furnace header, 
the pressure is reduced to meet design 
requirements. 


Again, at each furnace, the flow and 
pressure are carefully checked. Two 
lances, one operational and one stand- 
by, are provided. Installed in the oxy- 
gen line to each lance are shutoff and 
control valves, which are controlled 
from stations in the control pulpit. 
Since bybble-tight closure is essential, 
the shutoff-valve selection is critical. 


Cooling Water 
Both the furnace hood and the oxy- 
gen lance are subjected to flame temp- 


eratures exceeding 3000°F; in addi- 
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tion, the lance suffers from hot-metal 
splashing. To cool these parts, pumps 
with individual locally mounted pres- 
sure gages and switches circulate water. 
Figure 2 shows how a heat exchanger 
and treated water are used for the lance 
coolant system. Water temperatures 
and pressures are monitored in various 
locations as shown, and alarm an- 
nunciation is provided in the control 


pulpit. 


Gas and Fume Control. The dust-laden 
flue gases are withdrawn from the 
furnace, conditioned, cooled, cleaned, 
and exhausted to atmosphere (Figure 


3). 


Spray-water pumps with locally 
mounted pressure gages and switches 
provide the water for cooling and 
humidification of the flue gas. In the 
conditioning system, both steam and 
water are introduced through separate 
banks of spray nozzles. Shutoff valves, 
installed in the lines, are automatically 
controlled by a panel-mounted process 
timer. Emission of steam and water is 
programed in accordance with design 
criteria. 


The cooling-spray nozzles are located 
above the conditioning system. A 
temperature-indicating controller, its 
primary sensor mounted downstream 
of the spray nozzles, controls the sup- 
ply-line valves through a series of 
switches in a manner proportional to 
the cooling demand. On the process 
panel, signal lights indicate the open 
or closed position of each spray-nozzle 
valve. Spray-water pressure, measured 
in the common supply header, is in- 
dicated on the process panel, which 
has provisions for low-pressure an- 
nunciation. 


One spray-nozzle control valve, in- 
dependent of the temperature control 
system, is interlocked to open and 
close along with the oxygen shutoff 
valve. 


Exhaust System. After being cooled, 
the flue gas from all furnaces is col- 
lected in a common header from 
whence it passes through a bank of 
precipitators to an exhaust fan. Each 
furnace exhaust system has an isola- 
tion damper, and an emergency pre- 
cipitator-bypass damper, which ex- 
hausts the flue gas directly to atmos- 
phere. Each induced-draft fan has a 
control damper in the fan intake duct. 

Normally, each furnace isolation 
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damper is controlled by a panel- 
mounted time-schedule controller with 
adjustable set-point. At the start of 
oxygen flow to the lance, this con- 
troller simultaneously regulates the 
rate of damper movement from a 
minimum opening to a fully open po- 
sition. Master manual-override controls 
are provided at the process panel. 


Flue-gas temperature is measured at 
a point downstream of the spray nozzles 
and recorded at the process panel. The 
recorder is equipped with a high-temp- 
erature-alarm contact and additional 
control contacts to open the emergency 
damper. Usually acting as an atmos- 
pheric relief valve (mechanically coun- 
terbalanced to open on a sudden pres- 
sure increase), this damper also has a 
control drive that is mechanically en- 
gaged to open on excessive high- 
temperature or by a manual control 
signal. 


The exhaust-fan damper maintains a 
negative pressure in the cleaning-sys- 
tem duct. It is positioned through a 
drive system by a control signal from 
the pressure controller, which senses 
the pressure in the header. Again, 
manual override and high-pressure an- 
nunciation are provided at the panel. 


Oxygen Lance 


As already indicated, two oxygen 
lances are provided for each furnace; 
a selector switch permits selection of 
either the operational or the standby 
unit. The lance is lowered rapidly to 
a preselected position and locked in 
place by pneumatic or hydraulic 
clamps. Electrically regulated from the 
control pulpit, the lance height is 
monitored continuously during a blow- 
ing cycle by a synchromotor or dif- 
ferential-transformer telemetering sys- 
tem with a servo-actuated receiver. A 
safety interlock prevents oxygen flow 
unless the furnace-hood cooling water 
is flowing. 


Control Pulpit 


The control pulpit is the operational 
control center of the L-D process. 
Here, for each furnace, are located all 
the devices necessary for the electrical 
control of the furnace and its related 
auxiliaries. Included in this area is 
the process control panel complete 
with electrical controls and a full com- 
plement of process instruments and 
operating control stations. The panel 


design (conventional, graphic, or semi- 
graphic) is tailored to the individual 
plant. One successful design is a bench- 
type panel consisting of a sloping-desk 
console attached to a vertical section 
with the instruments arranged in func- 
tional fashion. 


Alarm annunciation is either by 
back-lighted nameplates or a semi- 
graphic annunciation unit. The semi- 
graphic presentation is a schematic 
illustration of the plant process with 
indicating lights at critical points of 
measurement and control. By using 
multicolored lights, normal and off- 
normal points are annunciated, valve 
and damper positions are indicated, 
and important equipment is monitored. 


The process panel also includes a 
cycle timer that indicates elapsed time 
following the start of a blow cycle. 


Teeming. Essentially a manual opera- 
tion, teeming, or pouring, of steel into 
ingot molds depends on the ability of 
the operator to pour to a selected level 
in each mold. Autopour, a commercial 
stopper-rod hydraulic-control mecha- 
nism, provides an excellent means for 
controlling the flow of steel from the 
ladle. 


Problems and Ultimate Solutions 


Some areas of measurement and 
control in the L-D process require im- 
proved or new techniques and instru- 
ments. The major ones follow: 


Molten-Metal Temperature. Although 
various methods (radiation sensing, 
optical, immersion thermocouples, etc.) 
are available for measuring molten- 
metal temperatures in the 2000 to 
3500°F range, the only simple, de- 
pendable, and accurate primary sensor 
for L-D plant operation to date is the 
expendable -tip immersion thermo- 
couple. 


Metal Analysis. To obviate procuring 
a sample and transporting it to a lab- 
oratory for analysis, a direct method of 
analyzing the molten metal in the 
ladle or furnace must be developed. 


Ingot Weight. Automatic ingot-weight 
control, based primarily on weighing 
the ladle and controlling each ingot 
weight by the subtraction method, is 
under experimental development by at 
least two steel producers. Although 
this method has promise, the control 
of ingot weight remains a volumetric 
operation, dependent on an operator's 
skill. 
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Data Handling. The L-D process in- 
volves a mass of data which must be 
collected, evaluated and processed. The 
two basic variables, molten-steel temp- 
erature and chemical analysis, are theo- 
retically calculable but functionally dif- 
ficult to determine. All other process 
variables supplement these. 


The data-processing operation re- 
quires a combined data-logging and 
computing system to quickly calculate 
and correlate the results of the molten- 
pig-iron chemical analysis, temperature, 
and weight to determine a furnace 
charge. 


The data-handling system should 
have the following functional capabil- 
ities: 

a. Data logging of process variables 

and computer outputs. 


b. Mathematical computations. 


Figure 3. Gas and fume control system. 


c. System compatibility between 
process instrumentation and com- 


puter components. 


Although the system initially would 
be used for data handling and analyti- 
cal computations, the eventual compu- 
ter capabilities should include on-line 
calculations, output control signals to 
process equipment, and off-line cal- 
culations that do not disturb on-line 
functions. The ultimate objective 
should be computer program control 
of the entire process. 


Control system compatibility re- 
quires that the selection of the type 
of transmission signal — voltage or 
current, direct or alternating current 
— be dependent on the allowable 
noise-level and other transmission dif- 
ficulties encountered. Electrical trans- 
mission, requiring no pneumatic to 


electric converters, is preferred to the 
pneumatic type. Compatibility does 
not end with the selection of the 
transmission medium, however; it must 
extend to all the process and computer 
aspects including component accuracy, 
sensitivity, and response, as well as the 
selection of instruments, control ele- 
ments, and final actuators. 


Basic Requirement 


Before a computer can play a domi- 
nant role in the oxygen steel-making 
process, it must be possible to define 
the dynamics of the process clearly, 
in mathematical terms. Unfortunately, 
segments of the process are still in the 
“art” stage with no realistic mathemat- 
ical representation. But even though 
the future of the L-D process promises 
greater advances, its present techniques 
can still match current steel technology. 
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FOUNDATION FEEDBACK 





A report of FIER activities by its Executive Director, Lloyd Slater. 


FIER Picks 17 Winners in Its 1960-61 Awards Program 


On April 8, 1960, the Foundation for Instrumentation 
Education and Research Awards Selection Committee 
took on the challenging job of spending $60,000 to 
encourage gifted students and teachers in its field. 
Besides its major task of picking 14 graduate fellows 
from over 40 applicants, the committee had two new 
assignments this year: to award grants to two college 
teachers for in-industry study in instrumentation, and 


to select FIER’s first research project grant. The 1960-61 
Awards Committee was headed by Dr. R. J. Jeffries, 
president, Data-Control Systems Inc., and included Dr. 
Elmer Hutchisson, director, American Institute of 
Physics, Dr. A. B. Kinzel, vice president — Research, 
Union Carbide Co., and Dr. I. M. Stein, president, Leeds 
& Northrup Co. For the 17 winners they selected read 
below and on the next page. 





l-Academic Research Grant 


In February 1960, FIER announced, in a special mailing 
to 100 University professors active in the field of In- 
strumentation and Automatic Control, a new program 
to support fundamental academic research in instrumen- 
tation. Proposals were invited which would demonstrate 
how a grant of up to $5,000 would be expended in a one 
year’s research program. Stress was placed on the need 
for interdisciplinary research which would involve, in 
general, major focus upon measurement and control. 


The Project: The proposal selected was submitted by Dr. 
Gordon J. Murphy, Northwestern Technological Insti- 
tute. It involves an investigation into the use of modern 
feedback control theory in analysis and design of pro- 
duction-and-inventory control systems. The research 
will include both theoretical and experimental work and 
will lead to a more thorough knowledge of the effect on 
inventory and production levels of such factors as 
variable lead-time, variable shipping-delay, depreciation 


ll-Instrumentation Field Scholars 


In early 1960, the Link Foundation granted FIER $1,000 
to encourage college teachers to spend a study period in 
industry updating themselves on instrumentation tech- 
nology in the aero-space field. Industrial sponsors (see 
below) were located, and an announcement of the 
awards to schools in the vicinity of each sponsor brought 
14 applications for the scholarships, which provide a 
$500 grant from FIER plus an equal sum from the 
sponsor company. In effect, the awardee received a 
$1,000 stipend to cover the expenses of a one-month 
study period in industry. The 1960 FIER In-Industry 
Scholarships are a new and experimental program for 
the foundation. If successful, continuation and expansion 
of the idea will be considered for 1961. 


At Grumman Aircraft Engineering Company... 

The visiting professor will spend the major part of his 
time at the Riverhead, Long Island, plant of the com- 
pany in its Flight Test Department observing and work- 
ing with the modern techniques of test instrumentation 
on flight structures. 


At Chance Vought Aircraft Incorporated... 

The visiting professor will be located in the Space 
Sciences Branch of the Astronautics Division in Dallas, 
Texas, and will spend much of his study period in the 
instrumentation aspects of simulation and man-machine 
integration in space systems. 
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Dr. Gordon J. Murphy. 
Director of the project is 
associate professor of E. 
E. and I.E. at Northwest- 
ern, who has developed a 
Data Processing Lab to 
serve both departments. 
He is the author of two 
texts on control theory 
and has consulted and 
published extensively in 
this field. 


of inventory and shipping policy. Over 20 proposals 
were reviewed by the Awards Committee before it 
selected the Northwestern project to begin a new pro- 
gram which, FIER hopes, will be considerably expanded 
in 1961. 





Dr. Morton B. Friedman, 
Grumman Scholar, is an 
asst. professor of flight 
structures at Columbia 
University. He got his Dr. 
of Science degree at NYU 
in 53 and has taught and 
done applied research in 
aerodynamics since then. 
Dr. Friedman has con- 
sulted and published ten 
papers in his field. 


Dr. Leslie A. Geddes, 
Chance Vought Scholar, 
is director, Baylor Uni- 
versity’s Biophysics Lab. 
He got his BS and MS 
in EE from McGill Uni- 
versity in ’45 and 47, and 
PhD in physiology from 
Baylor in ’58. He has con- 
sulted in biomedical in- 
strumentation for many 
firms. 








ill - 1960-61 Fellowship Holders 


In the spring of 1959, FIER launched a program of 
graduate Fellowships in Instrumentation by announcing 
six awards for a year of graduate study in a nationwide 
competition. Funds for the fellowships came through 
donations from industry and each student received free 
tuition and a $1,500 stipend for the academic year of 
study. In addition, the graduate school honoring the 
fellowship received a $1,000 grant to support the stu- 
dent’s research area. This spring FIER was able to 
announce 14 fellowships. The three winners, shown 
with their professors (right and below) are continuing 
as FIER fellows from last year. The eleven other stu- 
dents selected are listed below. FIER is especially 
pleased with the increased activity in its field in many 
universities and looks forward to a significant expansion 
of its fellowships program each year. 

Robert C. Boyer is now working for his PhD at Purdue 
University under the direction of professor Rufus Olden- 
burger (right) in the ME Department. His research 
area: studying the stabilizing effect of HF sinusoidal 
inputs to some nonlinear control systems. 


John Cotter is in his second year for the PhD at the 
University of California at Berkeley. His research super- 
visor is Professor Y. Takahashi (left) in the ME Dept. 
Cotter’s research area: dynamic analysis and optimiza- 
tion of a chemical reactor process plant. 


Donald R. Kerr is studying for his PhD at Carnegie 
Institute of Technology under Professor A. G. Milnes 
(right) in the EE Dept. Kerr’s research area: solid-state 
measurement phenomena. Here he notes the effects of 
gaseous diffusion of impurities on semiconductors. 





AWARDEE FELLOWSHIP DONOR INSTITUTE WHERE APPLIES GRADUATE STUDY/RESEARCH AREA 





KEITH H. BANKO Statham Instruments Inc Oregon State College Analog-digital techniques related to 
Los Angeles, California Dept. — for M.S instrumentation systems 


JOHN W. BERNARD Fischer G Porter Co Case Institute of Tech Process control instrumentation 
Hatboro, Pennsylvania Instrum. Program M.S 


University of Tennessee Dynamics Analysis techniques applied to 


LOUIS J. BOSANQUET The Foxboro Company 
ChE Dept. PhD chemical process measurements 


Foxboro, Massachusetts 
PAUL K. BOYD FIER Fellow in Machine Notre Dame University Instrumentation of machine systems. 
Instrumentation ME Dept. — PhD. 


Monsanto Chemical Co Massachusetts Inst. Tech Dynamic analysis of chemical process 
hd 


THOMAS J. BOYLE 
St. Louis, Missouri E Dept control systems 


WILBURN O. CLARK Brush Instruments Div. University of Kansas Research in millimicrosecond instrumen- 
Clevite Corp., Cleveland Eng. Sc. Res. Center — MS tation systems. 


Northwestern Unrversity Dynamic analysis of chemical process 


RICHARD KERMODE Fisher Governor Co. 
ChE Dept. — PhD. control systems. 


Marshalltown, lowa 
Electronic Associates, Inc. Cornell University Adaptive control system theor 
Long Branch, New Jersey EE Dept. PhD. ¥ 


BERNARD E. PENNOCK FIER Fellow in Biomedical Drexel Institute Instrumentation techniques in biology 
Instrumentation Bio-Electronics Program — MS and medicine. 


GEORGE KOVATCH 


ROBERT J. SCHILLER Minneapolis-Honeywell Regulator Co. Yale University Computer technology in control systems 


Minneapolis, Minnesota EE Dept. — PhD. 
Daystrom, Incorporated Princeton University Adaptive control system theory 


GEORGE W. SMITH 
Murray Hill, New Jersey EE Dept. — PhD 
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Headquarters for the fast-paced instrument industry will be the fast-paced 
city of New York this September 26 through 30 for ISA’s Fall Instrument- 
Automation Conference and Exhibit—a show so big, so varied, so all- 
inclusive that it will occupy all four floors of the mammoth New York 
Coliseum. Plan now to be one of the 30,000 important men of instrumenta- 
tion—managers, scientists, engineers and technicians who will see the 
latest developments of nearly 400 leading instrument manufacturers at 
the Exhibit; who will hear up-to-the-minute reports on exciting new trends, 
developments and concepts discussed in some 200 Conference papers. 


ISA’s New York Conference and 
Exhibit is the largest yet, and it cov- 
ers the field of instrumentation from 
A to Z. Some of instrumentation’s 
biggest names will present papers 
at the technical sessions covering 
technological advances of every kind. 
Instrumentation moves fast, and the 
Conference can help you to move 
with it. 


The Exhibit of 400 leading manu- 
facturers’ new products will bring 
you up-to-date on new hardware 
in your specific field and give you 
a general look at advances in hard- 
ware in the entire industry. 


You’ll rub shoulders with some 
30,000 of your fellow instrument 
engineers, among them some of the 
industry’s most influential men — 
those who know instrumentation’s 
inside story, where it stands today 
and where it will be tomorrow. 


The scope of the New York Show 
is vast. Somewhere in the 50 tech- 
nical sessions, workshops, clinics and 
the Exhibit are the data that apply 
to your needs, problems and in- 
terests. 


On these two pages is a preview 
of the New York Show. At the end 
of this story, we’ll tick off additional 
sessions, etc., not more thoroughly 
covered herein. Next month, be sure 
to check the advance program in the 
Journal, where you will find spe- 
cific information on the _ papers, 
authors and speakers. 
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The Technical Sessions 


Mi Operating experiences of com- 
puters actually installed for process 
control will be covered in a session 
which will attempt to correlate the 
results with the method and degree 
of control, the problems of instru- 
mentation and communication with 
the process; and to give an estimate 
of the future needs of similar sys- 
tems. 


@ A companion session, “Adaptive 
Control Computing,” will be an in- 
troduction of this important new 
field to ISA and will consist of an 
integrated set of papers on the na- 
ture of adaptive control and the 
application of these methods to cur- 
rent problems in control computing. 


This will be a broad-brush ap- 
proach spanning the field from sim- 
ple adaptive systems to the more 
complicated multi-variable methods 
of statistical systems such as the 
Random Evolutionary Operation 
method. Applications such as the 
optimum servo system and other 
“learning machines” will be dis- 
cussed. 


Hi “New Developments in Measure- 
ment and Control” will be an all-day 
session aimed at bringing user en- 
gineers up to date with new tech- 
niques and methods in measurement, 
control, and final control elements. 
The papers will cover design, appli- 
cation and maintenance features of 
the devices and systems described. 


@ The application of feedback con- 
trol theory to the analysis and de- 
sign ‘of realistic control problems 
will be treated in a session directed 
to the engineering and design level. 
Emphasis will be on solution of 
practical problems using such tech- 
niques as frequency response, root 
locus, simulation, etc., in both adapt- 
ive and non-adaptive problems. 


@ “Shock and Vibration — Theory 
and Practice,” will open with a 
tutorial paper on the analyses of 
shock and vibration motions, fol- 
lowed by several papers dealing 
with the practical aspects of instru- 
mentation of shock and vibration 
phenomena. 


@ The strain gage, although not 
new to the instrument engineer, has 
taken great strides ahead in the last 
few years with the development of 
semiconductor materials and _ the 
technique of making foil gages. 


The purpose of the technical ses- 
sion on “Recent Development ‘in 
Semiconductor and Conventional 
Strain Gages” is to bring the engi- 
neer up to date with recent devel- 
opments in the strain gage, with 
special emphasis on its use in instru- 
mentation. The session will also ac- 
quaint the engineer with the limits 
of the strain gage in instrumentation 
due to adhesives. 


@ “The Impact of Instrumentation 
on Management” will be evaluated 
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at two sessions, one on cost deter- 
mination and evaluation, and a 
second which will more thoroughly 
analyze the actual impact of auto- 
mation on management, with dis- 
cussion regarding labor, export, 
impact, expansion of instrumentation 
and similar complementary topics. 


@ ISA’s Analysis Instrumentation 
Division has scheduled three sessions 
covering process chromatography, 
sampling systems and laboratory in- 
strumentation for analysis. Four or 
five invited papers by men active in 
the field of process chromatography 
will cover the latest advances in 
chromatography which are of inter- 
est to the process instrument engi- 
neer, the analysis instrument engi- 
neer specialist and the laboratory 
chromatographist who is interested 
in finding out how the technique is 
being used in the plant. 


Du Pont, Phillips Petroleum and 
Shell Development will be among 
the companies presenting papers at 
a session on “Sampling System Re- 
sponse Time.” There has been con- 
siderable emphasis on high speed 
analysis in chromatography and in 
other analysis instrumentation, but 
little recognition has been given to 
the importance of the sample sys- 
tem lag or of the process lag to the 
sample point as a part of the com- 
plete time required to obtain an 
analysis. Very often sample and 
process time lags can dominate and 
are always highly significant. The 
session on the general theme of sam- 
pling system response time is both 
valuable and timely. 


One or more sessions will be di- 
rected toward lab people in the 
field of analysis instrumentation, es- 
pecially electrochemical methods of 
analysis. 


@ Advances in submarine warfare 
have increased interest in a new 
frontier: sea space. Two sessions at 
the New York Show on underwater 
instrumentation will bring together 
the sea space scientist and the in- 


strument engineer in an attempt to 
advance the design, manufacture and 
use of instruments in an underwater 
environment. Objectives and prob- 
lems will be defined for areas of 
dynamic and physical measurement 
and present accomplishments in un- 
derwater instrumentation will be 
described. 


@ Six papers will be presented at 
a session directed to the nuclear in- 
strument design engineer. The ses- 
sion will cover design phases of 
instruments used in nuclear reactor 
controls, primary and_ secondary 
control systems associated with re- 
actors and experimental facilities 
around nuclear reactors. 


@ The American Meteorological 
Society will again cooperate with 
ISA in presenting sessions on mete- 
orology. These will include “Modern 
Instrumentation in Radiation Me- 
teorology,” “Stratospheric Meteoro- 
logical Measurements” and ‘“Tech- 
niques for Measurements of Tem- 
perature in the Free Atmosphere.” 
@ S. R. Beitler, Professor of Me- 
chanical Engineering at Ohio State 
University and chairman of ASME’s 
Fluid Meter Research Committee 
will chair a session on “Mass Flow 
Measurement.” 


ISA Clinics 


@ The 1960 ISA Computer Clinic 
will concentrate on the use of analog 


computers for the solution of engi- 
neering problems in the process in- 
dustries. 


@ The 15th Annual ISA Mainte- 
nance Clinic will offer to instru- 
ment engineers, technicians and ap- 
prentices additional instruction on 
maintenance of basic and advanced 
instrumentation. Topics to be cov- 
ered include turbine meters, chro- 
matographic instruments, chemical 
protectors, gas analyzers and probes, 
high temperature instrumentation, 
electronic instruments, sole- 
noid valves and electric valve op- 
erators and combustion controls, 
among others. 


Workshops 


@ A progress report on the Stand- 
ards Task Forces of the Physical and 
Mechanical Measurement Division 
will be presented under the direc- 
tion of Orval Linebrink and Ralph 
Bowen. 


@ The theme of the Data Handling 
Workshop will be “Integration of 
Instrumentation and Computers.” 


OTHER SESSIONS SCHEDULED: Control 
Computing Communication Require- 
ments; National Lecture Series; Interna- 
tional Progress Through Instrumentation; 
Education Workshop; Maintenance Man- 
agement Workshop; Automotive Instru- 
mentation; Aeronautical Instrumentation; 
Metals & Ceramics Instrumentation; Sales 
Engineering Workshop; Electronic Instru- 
mentation Session; Education Workshop 
Report of the ISA Technician Task Force; 
Photographic Instrumentation; Control 
Systems Workshop; Management and Eco- 
nomics Session 





* 11:00 p.m. 


two years in 


* 11:00 a.m. 





This detailed infrared photograph of Manhattan 
was taken at 11:00 p.m. from an altitude of 4,000 feet with 

a reconnaissance device developed by HRB-Singer. 
The so-called Manhattan Picture has been used for the last 
military circles to demonstrate the 
capability of infrared for reconnaissance purposes. 


An aerial view of Manhattan taken from an 
altitude of 5,500 feet. The Coliseum, where the New York Show 
will be held, is just off the lower left corner of Central Park. 
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New Jersey Section Computer Symposium 
Is Outstanding Success 


Despite the competition of other 
instrument and control meetings the 
New Jersey Section Annual Sympo- 
sium on April 5 attracted more than 
200 top quality attendance. Seven 
outstanding papers were presented 
on the subject of computers in the 
process industries in the day-long 
meeting. The highly instructive pro- 
gram was capped off by a cocktail 
party and banquet at which Vince 
Tivy, of the Foxboro Company. pro- 
vided an array of comments on 
every subject except instrumenta- 
tion in the entertaining, inimitable 
Tivy style. 

The high interest and lively dis- 
cussion during the technical sessions 
clearly indicate the increasing desire 
for more detailed information on 
computers for process control. While 
computers are relatively new and 
process computers even newer, there 
is a widespread effort by all levels 
of management for intelligent analy- 
sis and evaluation of process com- 
puters. 


Technology Behind Hardware 


There was ample evidence to sup- 
port the fact that hardware is con- 
siderably ahead of process technol- 
ogy. It was pointed out that users 
must obtain more quantitative infor- 
mation on dynamic behavior of pro- 
cesses and equipment in order to 
take maximum advantage of high 
speed electronic computers. Manu- 
facturers, too, have a great deal to 
learn about the problems of process 
control. Progress in computer con 
trol will be rapid, and the demands 
for manpower and time to work on 
the problems will tax both users 
and manufacturers of instruments. 
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There was no suggestion that com- 
puters are ready to be tied directly 
into process control elements. The 
present trend is to use computers for 
information handling, computation, 
and set point adjustment of conven- 
tional process instrumentation. 


Historical Analysis 


Charles W. Covey, ISAJ editor, 
lead off the symposium with a pres- 
entation of the development of digit- 
al and analog computers. Starting 
with the abacus and soroban, he 
traced the invention of devices for 
computation by both analog and 
digital methods. Babbage, a profes- 
sor at Cambridge University in the 
early 1800’s, is recognized as the 
original contributor of techniques 
and procedures used in today’s mod- 
ern high speed electronic digital 
computers. 

Bruce Seddon of George A. Phil- 
brick described the analog computer 
in terms of electronic, pneumatic 
and mechanical devices. His inter- 
esting comparisons of the _ basic 
building blocks for addition, sub- 
traction, multiplication, division and 
generation of special functions dis- 
pelled the fears that analog com- 
puters are complex, unfriendly 
monsters. 


Economic Justification 


There was no doubt that analog 
computers have a place in process 
control, when W. O. Webber of 
Humble Oil finished his presenta- 
tion. He described the application 
of a Southwestern Industrial Elec- 
tronics analog computer for auto- 
matic control of a distillation col- 


umn. He cited figures to justify 
cost of the installation on basis of 
increased output and more uniform 
quality product. 

In the afternoon session, three 
speakers discussed digital computers. 
I. L. Auerbach, of Auerbach Elec- 
tronics, described the basic princi- 
ples of digital computers, their 
capabilities, relative cost, and vari- 
ous types modular units. R. G. Lex 
and D. Whitten of Leeds and North- 
rup presented the functions of a 
digital computer and the design cri- 
teria from the manufacturers view 
point. Robert Maier of Union Car- 
bide Nuclear described the economic 
aspects of a Bailey Meter computer 
for computing power consumption 
in a large electrical system. He indi- 
cated that the computer has justified 
its use by substantial savings in op- 
timizing the use of power in relation 
to contract agreements with the elec- 
tric utility supplier. 


Analog Computers in Processing 


The technical sessions were very 
well summarized by Eric Weiss of 
Sun Oil. He pointed out that process 
instrument engineers must under- 
stand the similarities and differences 
in the application of analog and dig- 
ital computers. He expressed the 
view that we would see a great 
number of small analog computers 
used in the process industries in the 
near future. From the experience 
gained by use of these computers, 
more complex analog and digital 
computers can be applied with con- 
fidence. 


(Report by D. L. Lighthouse, New 
Jersey Section Correspondent.) 


Speakers and Committeemen at New 
Jersey Section 11th Annual Symposium 
on Process Computers. Standing, left to 
right: W. H. Broomall, Symposium Co- 
chairman; R. G. Lex and D. Whitten of 
Leeds & Northrup; Bruce Sedden of Phil- 
brick; Vince Tivy of Foxboro; Dave Han- 
kinson, Symposium Program Chairman. 
Seated, left to right: Eric Weiss of Sun 
Oil: 1. L. Auerbach of Auerbach Elec- 
tronics; and Charles W. Covey, ISA Jour- 
nal editor. 





Left-to-right: David M. Boyd, Univer- 
sal Oil Products; J. N. Gladding, In- 
ternational Paper Co.; and John Read, 
duPont, Wilmington; all speakers at 
the Management Workshop. 


Left-to-right: Louis Good, Panellit, 
director, ISA Pulp and Paper Division; 
W. H. Matthews, Chemstrand, gen- 
eral chairman; Earl Seagrave, Celanese, 
opening session speaker; W. F. Gil- 
lespie, Crown-dZellerbach, keynote 
speaker; and J. W. Replogle, Jr., pulp 
and paper sessions program chairman. 


1000 Attend 6th Southeastern ISA Conference 


“An outstanding success” accur- 
ately describes the 6th Annual ISA 
Southeastern Conference and Exhib- 
it, Pensacola, Florida, April 27 thru 
29. More than 1000 registered for 
the event which had everything 
from “soup to nuts” in technical 
programs and other activities which 
are now an established part of ISA 
events. The 8,000 square feet of ex- 
hibit space was a sell-out to 82 
exhibitors 


Top activity was the three-day 
First Annual ISA Pulp & Paper 
Symposium sponsored and arranged 
by the ISA National Pulp and Paper 
Division, headed by Louis Good of 
Panellit Service Corporation. Under 
the able direction of J. W. Replogle, 
also of Panellit Service, ten top- 
flight technical papers and a tour 
of the St. Regis Paper Mill consti- 
tuted this part of the event. 


The New Look in Paper Mills 


The keynote address by W. F. Gil- 
lespie of Crown-Zellerbach Corp., 
and the opening technical paper by 
Earl Seagrave of Celanese Corpora- 
tion set the pace for the pulp and 
paper sessions with challenging and 
thought-provoking statements. Mr. 
Gillespie, past president of Technical 
Association of Pulp and Paper In- 
dustry, acknowledged that the paper 
industry is lagging many other proc- 
ess industries in modern instrumen- 
tation and control. Speaking as the 
resident manager of C-Z’s Bogalus 
Division, he said that the instrument 
groups in paper mills are of suffi- 
cient maturity to be accorded the 
opportunity to exchange ideas with 
all top management groups in a mill. 


Mr. Gillespie went on to say that 
management wants to know what in- 
strumentation will do for a company 
in terms of increased operating effic- 
iency, improved quality, reduced 
production costs, and better profit 
planning. Because the paper indus- 
try investment costs are high per 
unit of production, the 3 to 5% 


plant costs spent for instrumenta- 
tion are very appreciable and thus 
deserve reasonable but careful scru- 
tiny. Simplicity of installations and 
good follow-up were stressed as de- 
sirable aspects of good instrument 
engineering. As has been urged by 
many leaders from every industry, 
Mr. Gillespie emphasized that in- 
strumentation must be rugged, re- 
liable and easy to maintain 


Automation Not a Dirty Word 


Earl Seagrave convinced the 200- 
plus engineers present at the pulp 
and paper sessions that automation 
is a pretty nice word for conven- 
tional instrument people to use. He 
dispelled two divergent schools of 
thought: 1. that automation is not 
new at all because we’ve been doing 
it a long time, and 2. that nonlinear 
equations will save the world. As 
a compromise, he suggested that 
well-informed instrument engineers 
no longer take the attitude “that 
500°F temperature is the best to 
control because we have always used 
this value”. Rather they say: “We 
will study a process to learn the 
relation between temperature and 
profitability; we will learn the rela- 
tion between temperature and other 
independent variables; we will spe- 
cify optimum behavior of tempera- 
ture; and we will build or buy a 
controller to meet these specifica- 
tions.” 

Mr. Seagrave made this important 
point: “We instrument engineers 
must cease to think of ourselves as 
men who wish to control tempera- 
ture, pressure, etc.; rather we must 
think of ourselves as business men 
who are responsible to maximize 
our company’s profits”, 

Dr. William J. Nolan of the Uni- 
versity of Florida gave an outstand- 
ing paper on the pulp mill of the 
future. He certainly raised eyebrows 
among old-line paper mill people 
with his brand-new system for con- 
tinuous pulp processing which em- 
phasizes measurement and control. 


Dr. Nolan will be noticed by the 
pulp and paper industry 

Typical of the trend toward fully 
automatic pulp and paper opera- 
tions was the unattended high-ca- 
pacity water-filtration system de- 
scribed by Herb Peterson of Weyer- 
hauser Timber Co. He discussed in 
detail the complete instrumentation 
systems now in service at his com- 
pany in the state of Washington 


Technical Sessions for All 


There was variety at the 6th An 
nual ISA Southeastern Conference. 
This included 14 top-notch papers 
of general interest to any instru- 
ment engineer, including 4 papers 
on control valves. Included were 5 
papers for the aeronautical and mis- 
sile industry, featuring 3 papers 
from Eglin Air Force Base; and a 
vivid description of Project Baker 
in which the monkey “Baker” was 
shot 360 miles up in a missile nose- 
cone and successfully recovered. 

In the Pensacola parade of events 
was an Instrument Education Work- 
shop, featuring outstanding men and 
women from trade schools, univer- 
sities, government, technical soci- 
eties and publications. A well at- 
tended Maintenance Clinic followed 
on Saturday at the Pensacola Junior 
College, host for all educational 
events. 

Last but not least was a Manage- 
ment Workshop which drew a record 
crowd, and none were disappointed 
with what they heard. 

Credit for this outstanding affair 
goes to general chairman W. H 
Matthews, Chemstrand; program 
chairman J. E. Bigham, Chemstrand: 
pulp and paper program chairman 
J. W. Replogle, Panellit; exhibit 
chairman W. G. Baker, Chemstrand; 
exhibit advisory chairman Frank A. 
Thomas, Frank A. Thomas Co.; hos- 
pitality chairman O. L. Weir, Chem- 
strand; the enthusiastic ladies com- 
mittee, and the Pensacola Section of 
ISA, host for the event. 
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Thermocouples and Thermocouple Extension Wire 


Instrument Flow Plan Symbols 
ee Face to Face 


7€¢ 


=e eter 


Standard Control Valve Manifold Designs 


Pneumatic Control oe je op: 
e 
= 
> j rumer iati =. ®. 
Be: 4: j of re) i? Fo 
u ~ 


Part I - General Recommendations 


RP26.1 
Ins 
Bae. 4.3.2 


In the instrumentation industry, 
where complexity is almost the or- 
der of the day, simplification of 
methods and procedures is much 
sought after and highly prized. One 
way to reduce confusion, and save 
time and money in the process, is 
the use of standards and recom- 
mended practices. Standards regu- 
late hardware, while recommended 
practices are concerned with usage 
and application. 

The writing of standards and prac- 
tices requires close coordination of 
the interests of both user and manu- 
facturer by a third party which can 
view the issue; objectively, review 
and evaluate all opinions, weigh the 
pros and cons, and arrive at an un- 
biased conclusion. 

This job of coordination is a nat- 
ural function of the technical so- 
ciety, since it not only is concerned 
and involved with an industry and 
a profession in their totality, but 
also includes in its membership a 
balanced representation of both user 
and manufacturer interests. 

The founders of ISA saw the need 
for early standards and practices 


G. G. GALLAGHER 
(The Fluor Corporation) 
Vice-President, ISA 
Standards & Practices Department 
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activities in the new and rapidly 
growing technology of instrumenta- 
tion. Shortly after the Society was 
founded in 1946, a “Main Recom- 
mended Practices Committee” was 
formed. This group, the nucleus of 
the present Standards and Practices 
Department, grew in importance and 
stature and was given full depart- 
mental status in 1956. It is the sole 
agent in ISA responsible for devel- 
opment and issuance of standards 
and practices. Committee members 
are drawn from the ISA Technical 
or Industry Division most closely 
aligned with the subject under re- 
view. 

The primary objectives of the S & 
P Department are to prepare needed 
standards and practices under such 
rigid rules that they will eventually 
be accepted by the American Stand- 
ards Association and the Interna- 
tional Standards Organization, and 
to make ISA the one organization 
that all industry looks to for stand- 
ards and practices concerning meas- 
urement and control. 

The idea for a new standard may 
come from any source—an ISA de- 
partment, committee, or an individ- 
ual. This idea is given to one of the 
division directors to appraise. If he 
thinks it worth pursuing further, 
and the S&P Board concurs, a survey 
committee is established. If the sur- 
vey committee feels an original sug- 
gestion was sound, and the S&P 
Board concurs, a project committee 
is established. The members of the 
survey and project committee usu- 
ally are one and the same to main- 
tain continuity. 

When the project committee has 
what it thinks is a satisfactory stand- 
ard, it is sent to a review board rep- 
resenting each phase of industry and 
technology, other societies, etc.; and 
if the final draft represents the view- 
point of the review board, it will be 
approved by the S&P Board for issue 
as a tentative recommended practice. 


1949 
1949 


1951 
1952 
1956 
1956 
1957 
1957 


1957 


Terminology, Dimensions and Safety Practices 
for Indicating Variable Area Meters (Rotameters) 


1959 


After general re-evaluation and sur- 
vey of use, the “tentative” status is 
removed. 

The department has five divisions: 
Production Processes, Aeronautical, 
Power, Nuclear, and Inter-Society 
Relations. The Power and Nuclear 
Divisions were formed just recently, 
and their activities are not included 
in this report. 

To date, 35 committees have been 
created. Twelve of these have pro- 
duced 21 RP’s; 16 have had no re- 
sults, but are still in existence; 4 
have been cancelled; the work of 
two has been transferred to SAMA. 

Thirty-five percent of the com- 
mittees created have produced all 
of the RP’s that have been developed 
to date. This is partly due to the 
long period of time, an average of 
3 years, to develop a satisfactory RP. 

Why does it take so long? As an 
example, one committee spent 4,000 
direct committee man hours plus 
2,000 man hours for stenographic 
work, printing, etc., for a total of 
6,000 man hours to develop an RP. 

It is estimated that the Standards 
and Practices Department as a whole 
has used over 31 man years of vol- 
unteer help, from people who al- 
ready have a full-time job, for com- 
mittee work only. This does not in- 
clude time consumed in answering 
questionnaires by the review board. 

The department has issued 21 RP’s 
in 14 years. The next 21 will be cre- 
ated in one-fifth of that time. Al- 
though this is a considerable im- 
provement, a much better showing 
is possible with additional help, both 
in the national office and at the 
committee level. The national office 
end is being strengthened consid- 
erably by the addition of a full-time 
standards engineer. For committee 
work, the S&P Department solicits 
your participation in this satisfying 
and rewarding work on both present 
and new committees. 





Aeronautical Standards 


Division Director: Floyd E. 
Bryan (photo left), test proj- 
ect engineer, Douglas Aircraft 
Company. 


Objectives: To work toward 
the creation of needed stand- 
ards or recommended practices 
in the aeronautical and space 
industries. 


Conference and symposium 
participation: The division presents sessions at ISA 
Flight Test Symposia and plans to participate in the 
1961 Fall Conference in Los Angeles. 


Work in progress: The Committee on Aircraft Pyro- 
metry, 8A-RP29, is assembling a work group to study 
temperature measurement problems unique to aircraft 
flight testing. Committee 8A-RP30, Aeronautical Instru- 
mentation Terminology, is reviewing ARTC Report 16, 
“Glossary of Terms for Flight Test Instrumentation,” 
which will form the nucleus of a future ISA RP on 
Flight Test Terminology. Committee 8A-RP31, Flow 
Measurement in the Aeronautical Industry, has sur- 
veyed the flow measurement industry and reached pre- 
liminary agreement on some of the more important 
flow measurement terminology and basic concepts. Com- 
mittee 8A-RP31 is about to launch an industry-wide re- 
view of its findings; the survey and review should result 
in preliminary release of an ISA RP on turbine type 
flow measurement in the aircraft and space vehicle 
industries. (See page 62). 

Cooperation with other groups: The chairman of Com- 


mittee 8A-RP28, Gyros and Gyro Terminology, served as 
an ISA member and observer on the AIA Electronic 


Parts Committee, Gyro Project, which resulted in a 
35-page report on “Recommended Gyro Terminology 
and Performance Criteria.” It is contemplated that these 
recommendations will be submitted to an ISA Review 
Board for acceptance or modification and released to 
ISA membership. The Committee on Aircraft Pyrometry 
has recommended to the RP-1 Committee the inclusion 
of Chromel-Constantan thermocouple tables in revised 
ISA RP-1, now in print. The activity of Committee 8A- 
RP32, Magnetic Tape Recording and Recording Devices, 
cuts across the work of the AIA-W99 Project Commit- 
tee and the IRIG Standard Group, and the ISA com- 
mittee is working to determine in what areas ISA Stand- 
ards or Practices can be of the greatest value to the 
magnetic tape equipment and flight test industries. To 
this end, the committee sponsored a magnetic tape re- 
cording equipment Users and Manufacturers Forum at 
ISA’s Flight Test Symposium last month. 

The entire Division maintains direct liaison with the 
Aeronautical Industry Division through the Standards 
Division Director. He is automatically the chairman of 
the Standards Liaison Committee of the Industry group 
and a member of the Industry Division Steering Com- 
mittee. 


Future plans: A Survey Committee on Transducers 

for Missile and Aircraft Flight Testing is currently being 
organized under the direction of Harry Norton of Con- 
vair-San Diego. 
COMMITTEE CHAIRMEN: 8A-RP28 Gyros and Gyro Termi- 
nology, A. C. Plautz, Republic Aviation Corp.; 8A-RP29 Aircraft 
Pyrometry, E. J. Garrity, Douglas Aircraft Company; 8A-RP30 
Aeronautical Instrumentation Terminology, E. O. Spencer, A.I.M. 
Pump Company; 8A-RP31 Flow Measurement in the Aeronauti- 
cal Industry, Robert L. Galley, Convair Astronautics; 8A-RP32 
Magnetic Tape and Tape Devices, E. M. Gardiner, Boeing Air- 
plane Company. 


Production Processes Standards 


Division Director: F. H. Win- 
terkamp (photo left), E. I. du 
Pont de Nemours & Co. 


Objectives: To study techni- 
cal practices in instrumenta- 
tion and to prepare and recom- 
mend uniform practices, where 
adoption of such uniformity 
would simplify work, facilitate 
general understanding and pro- 
mote the interchange of infor- 

mation; to prepare standards and practices under such 
rigid procedures as to pave the way for favorable con- 
sideration of ISA Standards & Practices by such estab- 
lished organizations as ASA and other national profes- 
sional engineering and scientific societies. 


Conference and symposium participation: The division 
sponsored or participated in panel discussion at the 1960 
Winter and Summer Conferences, in which S&P work 
was reviewed and evaluated. The division’s 8D-RP12 
Committee co-sponsored with ISA’s Wilmington Section 
last month’s Symposium on Safety for Industrial Instru- 
mentation in Hazardous Areas. Eight papers were pre- 
sented, largely covering the work of the committee, in- 
cluding some of the more technical background involved 
in their recommendations. 


Cooperative efforts with other groups: Committees of 
the division cooperate closely with other technical soci- 


eties to prevent overlapping or conflict of ISA standardi- 
zation programs with those of other groups. In a recent 
example of this cooperation, C. A. Prior, chairman of 
8D-RP3, Flowmeter Installation Practices, called the 
attention of ASA to inconsistencies of orifice flange di- 
mensions and ASA standard flange dimensions. As a 
result, Mr. Prior recently was appointed chairman of 
the ASA orifice flange task force, which will resolve 
this problem. 


At the present time, the division is considering work- 
ing on several standards and practices suggested by 
other ISA departments. Already organized is Committee 
8D-RP34, Pipe Line Industry Control Diagrams. The 
division is working with the final control elements com- 
mittee of the Measurement and Control Division to or- 
ganize a standardization effort in the field of automatic 
control valve flow coefficient and other valve charac- 
teristics. At the suggestion of a member of the St. Louis 
Section, the division will investigate the possibility of 
preparing a flow plan symbol template for ISA flow 
plan symbols. 


Current publications: Recently published or soon-to- 
be-published by the division: RP3.1 Recommended Prac- 
tice for Condensate Pots, Tentative RP3.2 Orifice Plate 
Dimensions, Tentative RP12.i Recommended Practice 
for Instruments in Hazardous Atmospheres, Tentative 
RP12.4 Recommended Practice on Use of Purging for 
Instruments in Hazardous Areas, Tentative RP16.4 No- 
menclature and Terminology for Extension Type Vari- 
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able Area Meters, Tentative RP26.2 Dynamic Response 
Testing of Process Control Instruments—Part II—Instru- 
ments with Pneumatic Output Signals, Tentative RP26.3 
.Dynamic Response Testing of Process Control Instru- 
mentation—Part IIJI—Instruments with Electric Output 
Signals. 

Work nearing completion: Committee 8D-RP16, Vari- 
able Area Meters, is working on tentative recommended 
practices for installation and maintenance which are 
expected to be completed within the next year; Com- 
mittee 8D-RP20, Instrument Specification Forms, is 
working on final review of a series of additional instru- 
ment specification forms which will be issued this year; 
Committee 8D-RP23, Miniature Chart Ranges, is pre- 
paring a final draft of a tentative recommended practice 
for miniature chart ranges to be issued within the next 
six months. 


Work in progress: ASA approval is being sought by 
Committee 8D-RP1 for ISA RP’s 1.1-1.7, Thermocouples 
and Thermocouple Extension Wires. In addition to work 
for ASA and publication of two practices this year, 8D- 
RP3, Fluid Meter Installation Practices, has begun work 
on an RP for flowmeter manifolds. Committee 8D-RP5 
is reviewing and bringing up to date tentative RP5.1, 
Instrument Flow Plan Symbols; efforts are being made 
to expand these symbols to cover the needs of nuclear, 
power and other industries. A final draft of an RP for 
instrument air quality is being readied by 8D-RP7, Pneu- 
matic Circuits. Initial rough drafts of tentative RP’s for 


dynamic response testing of analytical instruments, and 
final control elements and actuators has been sent to 
members for review and comment by 8D-RP26, Dynamic 
Response Testing. Questionnaires have been sent out 
by 8D-RP8 and 8D-RP35 Committees concerning the 
need for RP’s defining instrument environments, and 
instrument inspection and calibration. The recently or- 
ganized 8D-RP34, Pipeline Industry Control Diagrams, 
and 8D-RP36 are beginning work on RP’s for presenta- 
tion of electrical circuits in pipeline industry control 
diagrams, and data handling and logic terminology, re- 
spectively. 

COMMITTEE CHAIRMEN: 8D-RP1 Thermocouple and Extension 
Wire Practices, J. Ward Percy, U.S. Steel; 8D-RP3 Fluid Meter 
Installation Practices, C. A. Prior, Diamond Alkali Co.; 8D-RP4 
Control Valve Manifolds, C. W. Bates, Humble Oil & Refining Co.; 
8D-RP5 Instrument Flow Plan Symbols, H. E. Hanson, Esso Re- 
search & Engineering Co.; 8D-RP7 Pneumatic Circuits, R. U. 
Stanley, Standard Oil of California; 8D-RP8 Instrument Envir- 
onments, J. W. Profota, Union Carbide Olefins Co.; 8D-RP12 
Wiring for Hazardous Locations, Fred Maltby, Drexelbrook Engi- 
neering Co.; 8D-RP16 Variable Area Meters, L. N. Coombs, E. I. 
du Pont de Nemours & Co.; 8D-RP17 Analyzer Sample Systems, 
W. A. Richards, General Electric; 8D-RP18 Instrument Signals 
and Alarms, Albert McCauley, Allied Chemical Corp.; 8D-RP20 
Instrument Specification Forms, William Carmack, Fluor Corp.; 
8D-RP23 Miniature Chart Ranges, E. C. Hutchison, Union Car- 
bide Nuclear Co.; 8D-RP25 Materials for Instruments and Radi- 
ation Service, W. R. Langdon, General Electric; 8D-RP26 Dynamic 
Response Testing, F. H. Winterkamp, E. I. du Pont de Nemours 
& Co.; 8D-RP27 Instrument Interlocks, W. A. Summers, Ebasco 
Services; 8D-RP34 Pipeline Industry Control Diagrams, R. J 
Osborn, Sinclair Pipeline Company; 8D-RP35 Instrument Inspec- 
tion and Calibration, W. A. Diament, Device Engineering Co.; 
8D-RP36 Data Handling and Logic Terminology, I. L. Auerbach, 
Auerbach Electronics Corp. 


Intersociety Standards and Practices 


Division Director: R. E. Clar- 
ridge, manager, Measurements 
Lab, General Electric Co. 

Objectives: to establish and 
maintain appropriate channels 
for the interchange of informa- 
tion between the Standards 
and Practices Department and 
other societies, associations, 
groups or individuals external 
to ISA with instrumentation 
interests. 


Current projects: Two notable activities were recently 
initiated by the division. Arrangements have been made 
for ISA to sponsor an ASA Committee on Thermocouple 
Standards K247-30b-60. Ward Percy, chairman of the 
S&P Thermocouple and Thermocouples Extension Wire 
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Committee, was the ISA representative to a preliminary 
meeting in March. It is expected that a proposal will be 
made for the ISA standard to become the ASA standard, 
but there is a possibility that modifications or additions 
will be necessary to meet the requirements of other 
groups within the American economy. In all probability, 
ISA will assume chairmanship of this activity. 

In another area, the division assisted C. A. Prior, 
chairman of the Fluid Meter Installation Practices Com- 
mittee, in bringing certain inconsistencies in the design 
of orifice flanges to the attention of ASA Committee B16 
on Pipes, Flanges and Fittings. At the present time, Mr. 
Prior is chairman of the subcommittee considering this 
subject under the wing of ASA Committee B-16. 


COMMITTEE CHAIRMEN: IRD-Liaison, J. R. Davidson, Taylor 
Instrument Companies; ASA-N3 Nuclear Liaison, E. See Day, 


General Electric Co.; SAMA Liaison, G. C. Walsh, The Foxboro 


Co. 


ISA’s new Northeastern Michigan Section 
recently received its charter. Attending 
the charter dinner and presentation were 
(l. to r.) Phillip E. Hill, Minneapolis- 
Honeywell, section secretary; Donald |. 
Beckwith, Dow Chemical Co., president; 
Kenneth A. Otto, Dow Chemical Co., 
treasurer; Milton McMillen, Thompson- 
Ramo-Wooldridge, District V_ vice-presi- 
dent; and George Rock, Dow Chemical 
Co., vice-president. 





SAMA Holds 42nd Annual Meeting 


A new high mark in attendance 
was set at the 42nd annual meeting 
of the Scientific Apparatus Makers 
Association in Boca Raton, Fla. 


One of the highlights of the meet- 
ing was the presentation of the 
SAMA Award to Edward J. Albert, 
Chairman of the Board of Thwing- 
Albert Instrument Company. Albert 
is an active, long-time member of 
ISA and a past-president of SAMA. 


Downsbrough Re-elected 


Dr. George A. Downsbrough, Pres- 
ident and Treasurer of Boonton Ra- 
dio Corp. was re-elected for a second 
term as president of the Association. 
William H. Faeth, President of The 
Bristol Company, was elected chair- 
man of the Recorder-Controller Sec- 
tion which sponsors the annual ISA 
Award for the best ISA Journal arti- 
cle on process instrumentation. 


Aloe Scientific, a division of A. S. 
Aloe Company, and the Brown In- 
struments Division of Minneapolis- 
Honeywell received certificates of 
membership in the SAMA Century 
Club in recognition of their 100 years 
of service to the industry. 


Guest Speakers 


Supplementing the business ses- 
sions were addresses by guest speak- 
ers George W. Taylor, Professor of 
Economics at the University of Penn- 


NEW JERSEY ROUNDUP — Bob 
Wharfield, Public Service of New 
Jersey, won the Section Member- 
ship Prize—for geeting the most new 
members, Bob received a round trip 
—via jet— to the San Francisco 
Show. 


New officers were elected last 
month. Gerald L. Stebbins, Crabbe 
& Stebbins, is president; Bill Adam- 
son, M. W. Kellogg Co., Ist vice- 
president; Bert Singleton, 2nd vice- 
president; Dave Hankinson, Bailey 
Meter Co., secretary; Gordon Merck, 
Chemical Construction Co., treas- 
urer; Warren S. Jones, Blake Equip- 
ment Co., national delegate. 


The Section reports that some 
copies of the proceedings for the 
Symposium on Computers in the 
Process Industry are available at 
$2.00 per copy. Contact Dave Han- 
kinson, Bailey Meter Co., 110 Hol- 
stead St., East Orange, N. J. 


sylvania, who spoke on “The Public 
Interest and Collective Bargaining,” 
and Martin R. Gainsbrugh, Chief 
Economist, National Industrial Con- 
ference Board, who spoke on “The 
Business Outlook.” 


Research A Dynamic Force 


Kenneth Anderson, executive vice- 
president of SAMA, told some 450 
member company representatives 
that research and development are 
the principal reasons for the con- 
tinued healthy progress of the sci- 
entific instrument and apparatus in- 
dustry. 


“Research” said Anderson, “has 
made the industry a dynamic force 
in the expansion of our country’s 
economy, and whole industries have 
been based upon instrument discov- 
eries. As a matter of fact, the indus- 
try’s instruments are used in one 
form or another by every single in- 
dustry listed by the U.S. Department 
of Commerce in its recent census 
of manufacturing.” 


ISA VIP's Attend 


ISA President Jack Johnston and 
Executive Director Bill Kushnick 
were guests of SAMA, continuing a 
precedent established several years 
ago to foster cooperation between 
the two organizations in matters of 
standard practices and instrumen- 
tation education. 


Central Keystone Section recently spon- 
sored six weeks courses in basic elec- 
tronics at Lancaster and York, Pa., by 
instructors John Cottingham and Ed 
Sloane, respectively, both ISAmen. Mem- 
bers of the Lancaster class are shown 
above with Mr. Cottingham (standing 
left). Those who attended include (first 
row, I. to r.) R. Prosser, A. Zigment, 


SAMA President Dr. G. A. Downsbrough, 
Boonton Radio Corp., presents the SAMA 
AWARD to Edward J. Albert, Chairman 
of the Board, Thwing-Albert Instrument 
Co., Philadelphia, Pa. 


William H. Faeth, 
President of The 
Bristol Co., is 1960 
Chairman of SA- 
MA's Recorder- 
Controller Section. 


Dr. George A. 
Downsbrough, Pres- 
ident and Treasurer 
of Boonton Radio 
Corp., is the 1960 
SAMA President. 


Armstrong Cork; F. Geiger, RCA: (second 
row, I. to r.) J. Neiss, K. Minnick, RCA; 
F. Joost, Elizabethtown College; C. Kohr, 
RCA; (third row, |. to r.) D. Witmer, R. 
Vanaman, D. Goltsch, all with Arm- 
strong Cork; (fourth row, |. to r.) C. 
Smith and D. Richard, Raybestos-Manhat- 
tan, Inc.; (near wall, |. to r.) L. Hosfeld 
and W. Bohrn, Armstrong Corp.; P. 
Swope, RCA. 
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C & P Symposium speakers discuss 
a successful first session. (L to R) 
program chairman Dick Pond, Tay- 
lor Instrument Cos.; session chair- 
man and v. p. ISA Industries Dept. 
Nat Cohn, Leeds & Northrup; wel- 
coming speaker Donald McMaster, 
Chairman Kodak Executive Com- 
mittee; and keynote speaker Marne 
A. Dubs, Linde Company. 


C&P Symposium 


Features Pilot-Plant Instrumentation 


Instrument engineers from many 

US industries and dozens from Can- 
ada too — converged on Rochester, 
April 4-6, to listen and learn at ISA’s 
Third Chemical & Petroleum Instru- 
mentation Symposium. Analyzers, 
computer control and pilot-plant in- 
strumentation were top topics, plus 
a strongly controversial panel dis- 
cussion on education for instrument 
technicians. 
How Special? In discussing pilot 
plant instrumentation experience at 
Shell, T. W. Van Hoosear spoke 
mainly of the differences between 
such instrumentation and that for 
full-sized plants. Shell often has 
found it necessary to use specially 
designed instruments for pilot plant 
work — many of which they have 
developed and built themselves. 

Early in pilot plant planning, a 
conference between process design- 
ers and instrument engineers antici- 
pates ‘these special situations where 
commercial equipment will not suf- 
fice. However, Van Hoosear would 
not recommend that pilot plants be 
used for trials of new instruments or 
systems unless strictly necessary. He 
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estimates that 1/5th of Shell pilot- 
plant expenditures (totaling $250,- 
000 to $750,000 each) goes for in- 
strumentation — far higher than 
for full-scale plants. 

In Van Hoosear’s experience, auto- 

matic data acquisition and recording 
are much preferable to manual data 
taking, for pilot-plant purposes: 
“Automatically acquired data are 
‘untouched by human hands’ and so 
more trustworthy, especially for 
data vital to final decisions.” 
First of Its Kind? Dr. Gaven Balek- 
jian, of Consolidated Systems Corpo- 
ration, described and illustrated in 
full detail a digital-computer-oper- 
ated pilot plant — probably the first 
of its type — that was jointly devel- 
oped by Esso Research & Engineer- 
ing Company and CSC. 

The pilot plant is a catalytic re- 
former (Esso Powerformer) with 
single isothermal reactor operating 
in alternate oil or regeneration 
modes. 

It was designed for fully auto- 
matic data gathering and computer 
control to improve measurement ac- 


Taylor Compa- 
nies Plant Tour. 
John Thornas, 
application engi- 
neer, Taylor’s 
Electronics Div., 
shows their new 
line of electronic 
controls to one 
of many groups 
visiting Taylor’s 
plant. 


curacy, expedite data analysis, bet- 
ter automatic control and elim- 
inate human error. However, Balk- 
jian stressed, more important to the 
chemical engineer than the glamor 
of computer control are the prob- 
lems of primary measurement, auto- 
matic control and compatible process 
design. Even with many computers 
available for process control, there 
remains much ground work in se- 
lecting the optimum equipment, 
studying process transients and in- 
strument capability, and in develop- 
ing a proper mathematical picture 
of the process. 

What Is A Technician? The very 
first floor question in the panel on 
technician education asked for a 
definition of “Instrument Technic- 
ian.” Which proves, as moderator 
E. C. Wanner said, that “This defi- 
nition is a wasp’s nest. And yet, 
while many instrument people are 
bored with arguments over this def- 
inition, almost every educational 
discussion founders over this very 
point.” 

Monsanto Chemical’s John E. War- 
ren explained how their approach to 
technician training differs from tra- 
ditional methods. Essentially, War- 
ren teaches his men how to fix in- 
struments by concentrating on just 
that—plenty of practice and instruc- 
tion on repair of actual instruments. 
Monsanto found that on-the-job 
training, technical schools, corres- 
pondence and maker company cours- 
es, just don’t get the results they 
must have. Warren’s system he 
termed “functional training’—pro- 
ceeding from hardware to theory— 
and not theory first. He reported 
high, continuous trainee interest re- 
sult, with very few drop outs. And 
said Warren “It’s easy to sell man- 
agement on this system—the con- 
nection between training and the 
job is direct and obvious.” 





VARIOUS PHASES OF STEEL 
MAKING were covered in a tour 
which Central New York Section 
made at Crucible Steel in Syracuse. 
The tour covered pyrometry, arc 
melting, vacuum melting rolling and 
heat treating. Several fabrication 
and processing techniques were 
shown for titanium. 


THE SELECTION OF TRANSDU- 
CERS for instrumentation was the 
subject of a talk given by J. S. Her- 
nandez of Statham Instruments at 
the May meeting of Los Angeles 
Section. 


A movie on “Transonic Flight” 
proved of great interest at a recent 
Atlanta Section meeting. The film 
gives a graphic analysis of technical 
problems in the transonic range. 


New officers for Baton Rouge Sec- 
tion are Dick Luedtke, president; 
Lum Decker, vice-president; Charles 
Jones, secretary, and Norm Heffron, 
treasurer. 


Inspection of the RW300 inline 
process computer was a highlight of 
Denver Section’s tour of the Ramo- 
Wooldridge plant in Littleton, Col. 





* NEW MEMBERS 


AKRON: Ewald M. Katt 

ALBUQUERQUE: Arthur W. Barth 

ARK-LA-TEX: David L. Mitchell 

BATON ROUGE: William S. McConnell, 
Ronald E. Shrader 

BIRMINGHAM: *Emmett R. Owens 

BLUE RIDGE: ‘Theodore H. Buckland, 
James O. Martin 

BOSTON: James C. McCue, John M. Ruff- 


ner 
oa Klaus F. Adensamer, Clifford 
Lytle, George A. Ross 
CAROLINA PIEDMONT: Robert L. Pear- 


CENTRAL NEW YORK: Adelbert B. Tex- 


CHARLESTON: Paul T. Arbuckle, George 
L. Paxton 
: Len A. Boudreau, Richard F. 
Conway, James I. Fabrie, James E. 
Follkie, Charles D. Lowry, Jr., Walter 
G. Gierling, Clayton L. Sivertsen 
CINCINNATI: Robert A. Bailey 
CLEVELAND: Ronald W. Jones 
COLUMBUS: Sanford I. Shapiro 
DAYTON: Harold R. Van Dyke 
DENVER: Thomas J. Berg, *Tak Kutsuma, 
Charles O. Nash 
DETROIT: Andrew D. Althouse, Samuel 


H. Coombs 
FAIRFIELD COUNTY: Howard W. Stern- 


perk r. 

HOUSTON: Herbert L. Barrett, *William E. 
Gwaltney, Jr., *Lee E. McDuff, Charles 
C. Poage, Ralph E. Schreiber, F. J. 
Trotter, Jr. 

war. FALLS: Kay A. Anderson, Vern 

own, Jimmie D. Mefford 
JACKSONVILLE: Donald W. Booth, Oscar 


d k 
J. M. PERRY INSTITUTE: George G. 
Alexander, George G. Grant, Benjamin 


D. Smith 
LONG ISLAND, N. Y.: Leonard R. Kebrich 
LOS ANGELES: Michael Agabra, Robert 
E. Becker, Robert M. Cornforth, Edward 
E. Escher, *Glyn A. Neff, Peter E. 
Rentz, George M. Sawyer, *Sturgis 1 
Stentz,, *Paul R. Trautmann 
MEMPHIS: *Franklin Cassen, Harvey G. 


MILWAUKEE: Riley E. Morton, Ralph J. 
MOJAVE. ‘DESERT: William P. Murray, 
r 


MONTREAL: David B. Bailey 

NEW ORLEANS: John J. Gelpi, Jr., Wil- 
liam D. Leathers, Troy C. Murphree, 
Joseph L. Romano 

NEW YORK: Daniel T. Cahill, Robert S. 
Goldberg, Martin J. Milden, Hugh N. 


oss 

NIAGAPA FRONTIER: *Walter W. Aton 

NORTHERN CALIFORNIA: *George Con- 
drashoff 

NORTHEAST MICHIGAN: William F. 
Brown, James B. Klingler, Terry S. 
Radcliffe, Geo C. Way, *James E. Wood 

NORTHERN INDIANA: *Mathew L. Free- 
man. *Nicholas Kenison 

ORANGE COUNTY: John C. Billings, Jr., 
Robert D. Doering, Jack D. McCawley, 
John S. Probst, Jr.. Edward J. Ras- 
mussen, *Stanford D. Spracklen 

PENSACOLA: ‘Reese H. orton, Robert 


D. Taylor 
PITTSBURGH: Harry N. Andrews, C. E. 
Dilley, H. B. Thomas 
PORTLAND: Howard O. Poppleton 
RICHLAND: Wayne D. Hamilton 
RICHMOND-HOPEWELL: *Edward L. Tit- 


mus 
ROCHESTER: Frederick J. Bichl, James 
P. Cullen, Frank T. Finley, Daniel R. 


Liddy, Walter H. Trabold 

SABINE NECHE S. A. Callahan, Jr., 
— B. Chandler, Jr., *Norman E 

SAINT "Louls: James R. Hogan 

SANTA CLARA VALLEY: io D. Ram- 
say, Robert J. Salmon, Yon Yamagami 

SAN DIEGO :Alan E. Harris, *Kenneth W 


Hedlund 
SAN FERNANDO VALLEY: ‘Gerald V. 


Sheffer 
SEATTLE: *Charles S. Karr, Donald D 
Laine, Robert J. Underbrink 
SOUTH TEXAS: Andrew M. Sass, Fred H 
eers 
T A BAY: William W. Allen 
TIDEWATER VIRGINIA: Harry D. Mc- 


Creary 
TOLEDO: Kenneth L. McGill 
TWINCITY: Thomas W. Moodie 
VANCOUVER: Frederick R. Suggitt 
WASHINGTON: Peter D. Frommer, Har- 
old B. Hildenbrand, Louise P. Jones, 
*G. F. Montgomery, Arthur C. Tie- 


mann 

WAYNE COUNTY: Orville S. Aune, 
Arthur D. Gliski, Robert W. Hubley, 
Lawrence E. Marble 

WESTERN MASSACHUSETTS: Anthony 
Schabowski 

bate Ronald W. Anderson, Robert L. 
Mc 

WILMINGTON: John J. Horoschak, Rich- 
ard W. Scott 

UNAFFILIATED UNITED STATES: Ethan 
A. Allen, William B. Armstrong, Keith 
W. Atchley, Jr., Lawrence F. Barnett, 
David H. Beatom, Albert Berry, Ber- 
nard Brothers, Charles G. Blalack, 
Kenneth C. Bradford, Sr., William D. 
Callahan, Wallis P. Cashmore, Wallace 
S. Crockatt, Sidney D. Delaune, Otto 
Delfgou, Terence W. Derbyshire, Peter 
N. DeSario, Lawrence Dufresne, An- 
drew <A. Dunikowski, Edward L. 
Ewing, Donald H. Fischer, Denis A. 
Gauthier, Norman C. Germroth, Wil- 
liam G. Gowans, Donald W. Graham, 
Stanley B. Hubert, Geno P. Hyrsky, 
Frank Iannabelli, Thomas H. Inman, 
Lloyd R. Jacobson, *Lowell A. Jobe, 
Robert P. Jonas, Donald B. Kasubeck, 
Orell H. Kehrer, Roger J. Kelly, Clar- 
ence A. Kiefer, Stanly J. Kleban, John 

. Konves, Walter Labunski, Harold 

G. Lapointe, Robert E. Learned, Clyde 
F. Lewis, E. Frederick Litterman, 
Dezso Majtenyi, Patrick R. Malloy, 
Walter A. Mantulak, Gary A. Marston, 
Fred J. Martino, Gordon B. McDonald, 
*John W. McLaren, Robert N. O'Hara, 
Jr., Dale R. Porter, Norman F. Pratt, 
Sol D. Prensky, William G. Putman, 
David I. Ramsay, Charles A. Ranck, 
Michael J. Rankin, Paul V. Reuter, 
Jr., Everett C. Richards, James R. 
Robinson, Charles Romeo, Kenneth W. 
Ryan, Joseph Ryan, William E. 
Sanderson Jiliam J. Seaney, Arthur 
A. Shirey, Ray A. Shiver, Mike Stad- 
nyk, Logan Stillwell, Douglas F. 
Stimpson, Omar W. Sturn, Delmar 
M. Thomas, Harold A. Thompson, Jr., 
George Thomson, Johnnie W. Town- 
send, Byron R. Turner, Marven B. 
Tuxhorn, Jr., Robert D. Vosgier, John 
P. Wasielewski, Thomas B. Watkins, 
John R. Webster, Joseph T. Wingert, 
Alexander C. Wyatt, Jr., Charles A. 
Wyndham, Sing Yee, Jr., Eugene N. 


Young 

UNAFFILIATED FOREIGN: ‘Arnaldo B. 
— Marcello Marinelli, A. T. 
‘onds 


*Signifies that a new member of ISA has been admitted as a Senior Member. 


“Tip-Toe” 
Unveiled!! 


Casey & Slater Reveal 
True Story Behind 
Mysterious Notices 


A top-secret project which has 
been hinted at on these pages in 
such cryptic messages as “The troops 
are massing for OPERATION TIP- 
TOE” has at least received clearance 
for publication. 

In a joint interview with the 
press, TIP-TOE director Joseph E. 
Casey (Leeds & Northrup) and op- 
erations officer Lloyd Slater (FIER) 
removed the wraps: 

“TIP-TOE stands for,” 
vealed: 

“The Intersociety Project — 

Together On Education.” 

Said Slater, “TIP-TOE, which will 
be presented as a day-long fo- 
rum at ISA’s New York show, rep- 
resents a long overdue mobilization 
of the many people within the va- 
rious technical groups who are in- 
terested in educational progress in 
the dynamic field of instrumentation 
and automatic control. TIP-TOE will 
be a historical forum on the ways 
and means for people in industry, 
through their technical organiza- 
tions, to help our schools develop 
programs in this fast-growing and 
constantly changing field. It will as- 
semble a group of over 100 engineer- 
ing school administrators—the cream 
of our technical educational system 
—and have them trade ideas with 
representatives from a dozen socie- 
ties and trade associations.” 

Official TIP-TOE hosts will be 
ISA’s Education Committee and 
FIER. Other organizations partici- 
pating are AIA, AIChE, AIEE, ASEE, 
ASME, ACM, EIA, ECPD, IRE and 
SAMA. 

The morning of the TIP-TOE fo- 
rum will feature an unusual series 
of successful aid-to-education proj- 
ects now underway in the partici- 
pating organizations. At lunch, the 
group will hear about the laudable 
Society-School activities in Great 
Britain. In the afternoon, the specific 
Society projects in various levels and 
areas of education will be studied 
in detail. 

As a sequel to TIP-TOE, on the 
following day educators will con- 
vene to hear the long-awaited report 
from Abner Hathaway’s Task Force 
on Instrumentation Technicians. 


» Tip-Toe 


they re- 
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new products 
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Temperature Controls 


rransistorized temp. control- 
lers employ factory-calibrated 
thermistors as sensing elements. 
Model 561 (shown) is a single 
point on-off temperature indi- 
cating controller with optional 
proportioning circuit. Ranges 
are from —50 to +600°F. Unit 
features rapid installation, 10- 
amp relay capacity, insensitivity 
to voltage fluctuations, and easi 
ly replaced panel lights. Fenwal 
Inc CIRCLE NO. 301 


Measures Small Angles 


Angular-position transducer is 
sensitive to rotation of 0.012 
has range of +3 to +5°. Mag 
nified input of small, angular 
movement actuates a wiper that 
moves across a prec ision poten 
tiometer. High-level d-c output 
normally can be used without 
amplification. Flat frequency re 
sponse to 30 cps observed with 
out discontinuities or excess 
wear. Bourns, Inc. 

CIRCLE NO. 302 


Full 15-Amp Rating 


Indicating instrument, devel 
oped in conjunction with Fac 
tory Mutual Laboratories and 
designed exclusively for limit 
work, features a full 15-amp 
switch rating and a_high-visi- 
bility 5” scale. Also includes a 
separate switch to shut down the 
system in case of element failure. 
\ setting-shaft, inside an easily 
sealed case, eliminates tamper 
ing. Partlow Corp 

CIRCLE NO. 3058 


Oscilloscope 


4 compact, dependable, easy 
to-operate differential-input os 
cilloscope has 1 mv/cm_ sensi 
tivity for use in d-c to 450 ke 
range. Minimum number of 
tubes used for maximum reli 
ability. Vertical and horizontal 
amplifiers are identical. Fea 
tures include functional panel 
layout, 8 x 10 cm viewing area, 
and 21 sweep-rates with 5 de- 
grees of magnification Tek 


tronix, Inc CIRCLE NO. 304 


Temperature-Data Record 


Low - cost, temperature-data- 
recording system, designed to 
measure and record up to 75 
iron - constantan thermocouple 
inputs, finds use in engine test 
work, process monitoring, and 
applications where periodic, ac- 
curate temperature record is de- 
sired. Digital output presented 
automatically on electric type 
writer. Ranges: —30 to +120°F, 
250 to 600°F and 0 to 1200°F. 
Datex Corp. CIRCLE NO. 305 


Delay Timer 


\ hermetically sealed, auto 
matically reset, time-delay time: 
is specifically designed for ap 
plications requiring high accur 
acy and dependable service un 
der extreme conditions. Meets 
MIL-T-4807, MIL-E-5272B and 
MIL SPEC R-5757. Has SPDI 
switch contacts rated at 5 amps 
at 115v, 60 cycles. Many voltages 
and frequencies available. In 
dustrial Timer Corp. 

CIRCLE NO. 306 


Magnetic Tape System 


Digital, magnetic-tape  plot- 
ting system permits plotting of 
digital computer results in a 
continuous curve on an X-¥ 
recorder. System includes digital 
tape transport; newly-designed, 
digital, magnetic-tape translator; 
tape control unit; record-play- 
back amplifiers; and an X-Y re 
corder. Few controls provide 
completely automatic plotting. 
F. L. Moseley Co. 

CIRCLE NO. 307 


Universal Transmitter 


Pneumatic indicating trans 
mitters, for pressure, flow, temp., 
liquid level, diff. press. and dew 
point, feature measuring ele 
ments specifically designed for 
each process variable. Ranges: 
press 0-10” H.0 to 0-80,000 psi; 
temp. 450 to 1000 F; flow 0-1 to 
0-400” H,O diff.; liquid level 
min. 0 to 10° H,O for open 
vessels, 0 to 20% H.O closed ves 
sels; dew point —50 to +165°F. 


CIRCLE NO. 308 


Foxboro. 


Meeriny Trer 57% Magnens Tape beorem 





Taylor Electronic 1, 2 or 


HERE’S WHY: 


@ Takes any standard DC transmission input 
signals, e. g. 1-5 ma, 4-20 ma, 10-50 ma. 

e@ Linear signal is recorded on rectilinear co- 
ordinates, reading left to right. Hundreds of 
standard charts. 

@ Uses DC voltages, minus 0.5 to +0.5, 0 to 1, 
0.25 to 1.25 v. or any other DC voltage that can 
work into an impedance of 20,000 ohms per volt. 
@ Standard accuracy 0.5%. Optional, 0.25%. 
Accuracy unaffected by line voltage changes 
+10%. 

@ Threshold sensitivity 0.1%. 

@ Speed of response excellent—full scale 

travel in less than 34 second. 

e@ Recorder pen can be quickly calibrated with- 
out even unplugging recorder slide. 


All these advantages are made possible by use of an 
actual true 2-phase servo motor, coupled with a 
high-gain transistorized amplifier, standardized 

by Zener Diode voltage reference. 


Available as a recording (700J) or indicating 
(701J-704R) control station, it also gives you 
these features: fastest response; bumpless capaci- 
tor gain switching; automatic stabilization during 
transfer; widest range of adjustments; multiple 
valve operation; elimination of overpeaking. 
Team up the 700J or 701) with a Taylor elec- 
tronic transmitter—for temperature, pressure or 
differential pressure. 

Ask your Taylor Field Engineer for full details, 


or write for Catalog 98335. Taylor Instrument 
Companies, Rochester, N. Y., or Toronto, Ont. 
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Optional Features Available .. . 


@ Heavy-duty alarm contacts, 5 amps, 120 v. AC. 

@ 2-speed chart drive with flip of a switch. Any 
combination of 2, 4, 6, 9, 12, 15, 18 and 30” per hr.; 
1, 3 and 6” per min. 

@ Retransmitting slide wire. (eg. for multiplication, 
square root extraction. 

@ Will handle mv signals, 0-3 to 0-50, with 7001 
Pre-Amplifier. 

@ 24 hr. Adjust-O-Matic tear-off chart. 





Taylor Lnslruments MEAN ACCURACY FIRST 
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new products Wide-Angle Readout 


Frequency counters 
feature an in-line dis- 
play with all digits 
formed on the surface 
plane. Display is read- 

A high-speed torque able from front, top, 
meter, capable of ac- or sides, at angles as 
curately transmitting close as 90° to the face. 
torque signals at Bright red, 1144”-high 
speeds to 50,000 rpm, digits are clearly visi- 
is available in ranges ble in high-ambient light. Berkeley Div. CIRCLE NO. 311 
from 0 to 100 through 
0 to 1,000 in-lbs full 
scale. Larger versions 
for torque to 10,000 
in-lbs available. B & F 
Instruments, Inc. 





High-Speed Torque Meter 


Variable Frequency Tachometer 

New tachometers are designed to operate FM/FM telemetering 
systems where frequency output is used to modulate R-F 
carrier directly, eliminating need for a sub-carrier oscillator. 
CIRCLE NO. 309 Sine or pulse outputs also are used in measurement of shaft 
: ee ee rotation and for control purposes. Nacimco Products. 


CIRCLE NO. 312 


Compact strip-chart Mass Spectrometer 
recorder features ad- A series of time-of 
justable span and ad flight mass spectro- 
justable zero. Span ad meters is especially de 
justment, covering signed for the analysis 
spans between 1 and of transient chemical 
250 mv, is indicated phenomena, such as 
on a calibrated dial. shock-tube wave fronts. 
Zero adjustment is Design features a large, 
marked in arbitrary fast-pumping vacuum 
units from 0 to 1000; chamber and _line-of- 
any span selected can sight sample introduc 
be shifted (without tion. Many modifica- 

change) over a maximum of +50 mv. Weston Instruments Div. tions and accesories evalicble. Bendix Aviotion Corp 


CIRCLE NO. 310 CIRCLE NO. 313 





The dial 
thermometer 
at its best 


For battery-oper- 
ated portable low- DISTANT 
level d-c amplifiers READING 
and : Something much 
For transistorized d-c en som — 
lif R mometer: finer because 
GMPuners. KOMOves it is the bourdon tube type of thermometer 
stray a-c signals at its best...embodies the greater precision 
from chassis wiring. and lasting accuracy of the Marsh Pres- 
sure Gauge. 
Both vapor tension and gas-filled types 
sets. i : ' ; ; ‘ 
ns — are available in either distant reading or 
= ~ < rigid stem types. In the broad Marsh line 
Write for i cetera.» ted edi Hoss , saa 
you have a complete selection of tempera- 
Catalog 554 /. te ture ranges, case sizes, styles, and finishes. 


' Ask for the Thermometer Catalo 
RIGID 4 9 


sevens / MARSH 


ARNOLD G MARSH INSTRUMENT COMPANY, Dept. 56, Skokie, Ill. 
7 ELKINS STREET : "ina 
T T 7,_M ep ‘ 
SOUTH BOSTON 2 ASS 8307 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant, 1121 Rothwell St 
. Sect. 15, Houston, Texas 


CIRCLE NO. 27 ON PAGE 97 CIRCLE NO. 28 ON PAGE 97 


SSYW NOLSOB OS 
“INI 'CTONSY-SNSAILS 
Y3ddOH)D OV: 90 


Eliminates null off- 
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“Libragal’’ Computer 


Airborne computer 
features increased ca- 
pacity and small size. 
Weighing 56 pounds 
and occupying 0.9 cu- 
bic foot of space, it 
performs additions at 
the rate of 9600 per 
second. High-capacity 
logic cards (shown in 
assembly), providing a 

zero access-time capability, contribute to the computer's ability 
to perform a complete vector-magnitude resolution from a 


single command. Librascope Div CIRCLE NO. 314 


Process Computer 


New analog computer makes possible the rapid solution of 
many process problems previously considered insolvable. This 
computer, called Dystac, can be time-shared to permit repeated 
use of the same electrical components for calculating an over-all 
problem in a step-wise manner. Computer Systems, Inc 

CIRCLE NO. $15 


Moderate-Cost Chopper 


Chopper & associated 
input / output trans 
former, designed for 
commercial test and 
control applications 
such as d-c amplifiers, 
comparators, null in- 
dicators, and _ servo 
systems where signals 

low as 1 mv must 

identified, are 

available at moderate 

‘a cost. Chopper has low 
residual noise and over 2500 hours of expected life. Unique 
transformer uses 4-winding, 8-terminal, balanced design for 
variety of connections. James Electronics Co. CIRCLE NO. 316 


Magnetic Shift Register 
A group of unusu 
ally flexible magnetic 
shift registers that use 
only one core per bit 
have the ability to 
achieve: nondestruc- 
tive readout; reversible 
data - flow; reversible 
counting; code gener- 
ation; and “corner 
turning”. Typical ap- 
plications include tape- 
i to-card, card-to-tape 
analog-to-digital buffering, and other short-term storage tasks. 
CIRCLE NO. 317 


-_ 


Magnetics Research Co. 


Differential Transformer 
A linear variable 
differential - trans- 
former-type transduce 
measures and controls 
variables by providing 
i Ot Se =F an a-c output propor- 
tional to linear displacement. With an excitation voltage of 10v 
rms and a carrier frequency in range of 400 cps to 3 kc, trans- 
ducer will operate consistently from —65 to +250°F under 
rapid environmental ehanges. Linear ranges are 1, 2 and 4 inches 


CIRCLE NO. 318 


Pacific Electro-Kinetics. 





hecklist for Progress, 
Yours and Ours 





GROWTH—in General Electric’s process instrumentation 
program, closely tied to growing field of industrial automation 


related technologies 





PRODUCT DIVERSITY work on wide range of products to 
satisfy continuing needs of many industries for complex sen- 
sors, controllers, recorders, other electronic devices and systems 





CREATIVE DIVERSITY —development of fundamentally new 


primary detectors, including means for sensing pressure and 
flow, requires new technologies. Basic broad nature of meas- 
urements closely related to industrial growth 











CRITICAL POSITIONS opportunities to make significant 


contributions and receive high-level recognition in important 


project vital to General Electric objectives 








IMMEDIATE OPPORTUNITIES 


TRANSISTOR CIRCUIT ENGINEERS 


—to develop and design millivolts to milliamps transducers 
for low level signals (e.g. thermocouple output), servo am- 
plifiers for recorders, function generators for controllers, 
etc., B.S. in E.E., with experience in transistor circuitry 
and preferably industrial instrumentation. 


EVALUATION ENGINEERS 


—to establish and conduct process instrumentation com- 
ponent and systems evaluation program. Determine data, 
specify facilities, establish procedures, analyze and inter- 
pret data, recommend product specifications. B.S. in E.E., 
experience in design and application of transducers, con- 
trollers, recorders. 


MECHANICAL ENGINEERS 


—for design of transmitters involving diaphragms, bellows, 
Bourdon tubes. B.S. in M.E., 5 years in design of differen- 
tial pressure and flow detectors. 


RECORDER DESIGN ENGINEERS 


—to establish specifications for electronic amplifiers, apply 
latest miniaturization techniques, assure adequacy of over- 
all system performance (accuracy and speed of response). 
B.S. in E.E., with experience in design of process instru- 
mentation recorders or similar electro-mechanical, servo- 
operated instrumentation equipment 


For further information, 


please write in confidence to: Mr. H. E. Crab- 
tree, Manager, Engineering Administration 


INSTRUMENT DEPARTMENT 
GENERAL @) ELECTRIC 


44 Federal Street, West Lynn 3, Mass. 


Progress /s Our Most Important Product 
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new products 





Chemical-Liquid Meter 

Especially designed for low flows, 
a new 34” size chemical-liquid 
meter can be used for measuring 
the flow of most acids, alkaline 
solutions, deionized water, edible 
oils, etc. Internal works are con 
structed of 316 stainless steel, while 
the measuring piston can be made 
of a selected material. Threaded o1 
flanged connections available. Buf 
falo Meter Co CIRCLE NO. 319 


Precise Digital Timer 

New type of digital electronic timer, designed for use in 
computer systems requiring precise elapsed-time intervals, has a 
maximum error of 100 microseconds plus any time-base erron 
Timer is used for ground checkout equipment and military o1 


industrial computers. Bulova Watch Co CIRCLE NO. 320 


Disk Thermostats 


New line of bimetal 
disk thermostats pro 
vides closer tempera 
ture differentials than 
previously available 
Extremely close differentials (1 to 4°F on special order, 2 to 6°I 
standard) and snap-acting feature permit exceptional tempera 
ture control for electrical and electronic devices in missile and 


space applications. Stevens Mig. Co CIRCLE NO. 321 









































VARICORD iil 
VARIABLE-RESPONSE E RECORDER 
| for densitometry in paper electrophoresis 


Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 


Sensitivity 
adjustable from 
10 to 200 millivolts 


Designed specifically te be used with scanning densitometers for correctly- 
d quantitative evaluation of electrophoretic patterns on filter paper 


| Write for Bulletin #1100 FHT 


Fluorescence 
Photometers 


Densitometers pH Meters Colorimeters 
Meters Electronic Photometers 


CIRCLE NO. 30 ON PAGE 97 
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Plug-In Indicator 
Pneumatic, plug-in, 
indicating receiver 
shows one or two 
variables on a 3-inch 
scale; operates on 
standard 3 to 15 psi 
signal range; uses a 
Ni-Span C capsular element for top accuracy and _ reliability. 
Either vertical or horizontal panel-mounting available. Bristol 
CIRCLE NO. 322 


Company 


Multiple Extension Wire 

Multiconductor extension-wire cable for all thermocouple 
calibrations is produced in 16- and 20-gage wire having 4 to 48 
pairs twisted with a variable pitch. A 20-gage copper ground- 
wire and longitudinal strip of aluminized Mylar tape insure 


electrical continuity. Mpls.-Honeywell CIRCLE NO. 325 


Cryogenic Transducer 


An electro-pneumatic 
transducer that per 
mits a pneumatic valve 
actuator to be used 
with an electronic con 
trol system eliminates 
freeze-ups caused by 
cold weather or low 
temperature fluids. A 
0-watt heater in pneumatic section prevents moisture in the 
air from freezing the mechanism. First major application was 
handling of cryogenic fluids in missile  propellant-loading 
systems. Swartwout Div. CIRCLE NO. 324 


Letsd SINGLE & DOUBLE 
MIRROR-MONOCHROMATORS 


With exchangeable prisms for the visible, 
Mitigeh ate) (MM laligelacioMiccluiMy sel emiuliiiiiliagelacm le 
vem illagelar 


PHOTOVOLT Corperatian 


95 Madison Avenue New York 16, N. Y. “ag 
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Computational Relays 
Iwo pneumatic wide 
band relays, employing 
null - balance - vector 
mechanisms, are avail 
able for square-root 
extracting, and squar 
ing. VSR relay extracts 
square root down to 
10% of output span 
and VS relay forms 
squares from 1% of 
output span Both 
units have input and 
3 . : output ranges of 3 to 
15 psig with 0.2 scfm 
air consumption and 1% nominal error. Republic Flow Meters 


Company CIRCLE NO. 325 


Flow Tubes 


New series of flow tubes for metering petroleum, chemicals, 
gases or other process fluids come in line-sizes from 1 to 120 
inches. Rolled steel plate, castings, forgings and bar stock 


CIRCLE NO. 326 


can be used. B-I-F Industries 


Logger System 

Data logger system 
automatically balances 
from | to 1000 bridges 
and logs their milli 
volt output signals in 
a programed mode. It 
samples 210 channels 
of analog data pei 
minute sequentially, 
commutates and con 
verts them, and 

punches data on 
paper tape at the rate 
of 60 five-digit char 
acters per second. Nearly 1000 systems are now in operation 


Consolidated Systems Corp CIRCLE NO. 327 


Engine Controls 


New control system automatically starts, loads, and shuts 
down internal combustion engines. Developed specifically to 
meet the requirements of gas compression applications, the 
system has many variations making it ideal for industry. 
Robertshaw-Fulton Controls Co. CIRCLE NO. 328 


High-Torque Motor 


Low-inertia instru- 
ment motor provides 
unusually high start 
ing and running 

torques, and low coast 
when deenergized; is 
ideal for most remote 
positioning and con 
trol applications. Typ- 
ical performance rat- 
ings: 750 oz-in mini- 
mum _ starting torque 
and 350 oz-in running 
torque at 6 rpm and 50% intermittent duty. Holtzer-Cabot 
Motor Div. CIRCLE NO. 329 


ressure 
measurements 


POTENTIOMETER TRANSDUCERS 


For use in industrial and laboratory 
applications which require superior per- 
formance at moderate cost. Gage, absolute 
or differential pressure. Adaptable to 
nearly all readout instruments 


without preamplification. e 0.4% 
anges: 0-4 to 


=| 0-15000 psig. 0-4 
i.e, be to 1500 psia (d). 

Linearity: + 0.3% of 
total range. 


Resolution: 0.1% 
of total range. 


SERIES IP 2010 
see us af the 
S.A. show — 
Booth No. 2517 








a 


H.E.SOSTMAN & CoO. 


348 E. Lincoln Ave., Cranford, New Jersey, BRidge 2-5750 
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FOR LOW COST 
GAS ANALYSIS contro: 


If the gas component you want to 
measure or control is related to 
the specific gravity of the gas, a 
RANAREX will measure it accu- 
rately, continuously, without lag 
and at low cost. 





Works on a simple, mechanical 
principle . . . rugged, foolproof. 
Can be equipped for automatic 
control. Analyzes flue gas to cut 
fuel costs... aids quality control 
in heat-treating, chemical proc- 
essing, oil refining . . . checks 
uniformity of fuel gas, etc. 

For details, write to The Permutit 
Company, a division of Pfaudler 


Permutit Inc., Dept. ISA-60, 50 
West 44th St., New York 6, N.Y. 


= aca’ 
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new products Motor Tach Generator 


A new, simple de- 
sign, size 11 motor 
tach generator for 
Pulse Generators damping in _position- 

Fast rise-time pulse servo-type applications 
generator provides two is available for high 





simultaneous pulses temperature (—55 to 
similar to flip - flop +-125°C) applications. 
outputs, but presented Unit meets certain 
at high power-levels portions of MIL-E- 
with independent at _ 17087 = and MIL-E- 
tenuation. Single o1 5272; has stainless steel 





recurrent outputs have housing; weighs 7 oz. 
controllable repetition Motor has 6000 rpm minimum no-load speed, 0.6 o7z-in stall 
rate (2 cps to 1 Mc), torque at 25°C. John Oster Mfg. Co. CIRCLE NO. 332 
pulse delay (0 to 10,- 

000 ws), and pulse width (0.1 ws to 1 sec). Another model for 

pulse-pair and pulse-train operational modes is available Tiny Thermocouples 


Electro-Pulse, Inc. CIRCLE NO. 330 ie ; ; 
Miniature coaxial thermocouples, available in total diameters 


as small as 0.0062”, offer same reliability as standard-sized therm 

ocouples; are very light; have low thermal inertia; and permit 

probing into normally inaccessible locations. Uniform Tubes, Inc 
CIRCLE NO. 333 


Instrument Tubes 
A line of electron 

tubes specifically for 
instrument manufac- 
turers — the first of 
its kind — represents a ‘“‘Bumpless”’ Transfer 
long-needed _ solution 
to the particular re- Pneumatic control stations, accurate 
quirements of electron- within 1% full scale, are designed to 
ic test-equipment- and provide “bumpless” transfer between 
instrument - makers. automatic and manual operation. Unit 
Undesirable character- have input and output ranges of 3 
istics such as micro- to 15 psig with air consumption of 
phonics, hiss noise, and less than 0.2 scfm. Controlled variable 
leakage currents are is indicated during automatic and 

minimized. Many other features make these tubes very desirable. manual operation. Republic Flow 

CBS Electronics Div. CIRCLE NO. 331 Meters Company. CIRCLE NO. 334 


ANMATIO —] | TRINITY announces the | 
AUTO M ATI F addition ech ema 
lete li f 
RECORDING ANALYSER THERMOWELLS.... 


FOR ANALYSIS OF NOISE AND VIBRATION SIGNALS the 


% STEADY & NON-STEADY SIGNALS ANALYSED 
AUTOMATICALLY 








COMPLETELY AUTOMATIC OVER FULL FREQUENCY RANGE 


CHOICE OF THREE CONSTANT PERCENTAGE BANDWIDTHS EC ONO WELL 
= 


OUTPUT RECORD IMMEDIATELY AVAILABLE 
A complete line of low- 


FREQUENCY ACCURACY IS HIGH cost, high-quality thermo- 
wells for thermocouples, 
bi-metallic, thermometers, 
and test instruments. 


White for 


K-100 
THE MUIRHEAD K-100 WILL SAVE TIME AND SKILLED MANPOWER Literature 
A 5% bandwidth amplitude/frequency analysis of a steady signal over 
range 10 c/s — 19 Kc/s the K-100 takes only 12 minutes. 


WIDE AMPLITUDE RANGE 


SEQUENTIAL ANALYSIS OF SIGNALS 





TRINITY 
MUIRHEAD INSTRUMENTS INC. - 441 LEXINGTON AVE - NEW YORK 17 - N.Y. - U.S.A. EQUIPMENT CORPORATION 
MUIRHEAD INSTRUMENTS LIMITED - STRATFORD - ONTARIO - CANADA CORTLAND. NEW YORK 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
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services. 
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new products 








Ultrahigh Pressure Gage 


A pressure gage with capacity 
to 100,000 psi has 0.1% full- 
scale accuracy throughout an 
entire 270° dial. Newly designed 
pressure tube of multicoil con- 
struction permits only 0.1% 
hysteresis; minimizes induced 
stress at critical points. Dial 
sizes: 12 or 16 inches diameter. 
Temperature compensation to 
100°F optional. Heise Bourdon 


Tube Co CIRCLE NO. 335 


Industrial Monitoring 


A digital temperature- and pressure-readout system with 
broad applications for industrial monitoring, reads out from 
resistance bulbs in 0 to 1400°F range, and pressure transducers 
in 0 to 10,000 psi range. System is capable of 1/2% to 2% 
absolute accuracy depending on range and transducers. Texas 


Instruments CIRCLE NO. 336 


Small Strain Gages 
A weldable strain gage having 
120-ohms_ resistance is only 
1-5/32” long. This small, folded- 
filament gage can be applied eas- 
ily and quickly to all ferrous and 
nonferrous metals. Has temp- 
erature applications to 800°F 
for static strains, and to 1600°F 
for dynamic strains. Photo shows 
gage being spot-welded to stain 
less-steel strip. Micro-Test, Inc 

CIRCLE NO. 337 


Chromatograph Packings 


New line of chromatograph column packings are well suited 
for analysis of fatty-acid esters. Specialties include ethylene 
glycol adipate and ethylene glycol succinate packings and 
stationary phases. Many others available. Applied Science 
CIRCLE NO. 338 


Laboratories, Inc 


Unique Air Pycnometer 
A new invention 
permits direct digital 
indication of the abso- 
lute volume of any 
solid substance with 
only a one-minute pro 
cedure. Simple opera- 
tion can be accurately 
performed by an in- 
experienced operator 
after 5 minutes of in- 
struction. The instrument, light in weight and designed for 
field, laboratory, or factory use, finds application in geology, 
petroleum, paint, chemical, pulp and paper, and numerous 
other industries. Houston Instrument Corp. CIRCLE NO. 339 


GURLEY products/services 


Reticles for Optical, Photoelectric Instruments + Precise Photog- 
raphy « Precision Patterns on Glass & Metal « Electroforming and 
Electroetching + Circular, Linear, Cylindrical, Spherical Dividing 


==" PHOTOELECTRIC DEVICES 


Shaft Position Encoder + Pulse Generators * Readout Devices for 
Angular and Linear Position 


£ [==5 OPTICAL INSTRUMENTS 


Optical Coincidence Reading Systems + Collimators + Special 
Optical Instruments 


WEES: SURVEVING INSTRUMENTS = | 
Transits + Theodolites + Levels + Alidades « Rods + Plane Tables 
+ Field Equipment 


j=e8 HYDROLOGICAL INSTRUMENTS 


Current Meters + Water Level Recorders « Hook Gages 


== METEOROLOGICAL INSTRUMENTS 


Wind Direction and Velocity + Pilot Balloon Theodolites 


Some TESTING INSTRUMENTS 
Smoothness, Stiffness, Porosity, Sizing Testers for Paper and 
Textiles 


creed SCIENTIFIC INSTRUMENTS 


Standards of Mass, Length and Volume « Balances 
Check and mail for literature desired {526 FULTON ST. 


W.&L.E.GURLEY / Troy, NEW YORK 


VOLT-AMMETERS 


for AC and DC 


A Large Variety of Models and 
Ranges Available 


Accuracy 1% for DC and 1.5% 
for AC 


BRIDGES & 
RESISTANCE 
TESTERS 


Pontavi Wheatstone Bridge 
Pontavi Kelvin Bridge 
Inkavi Capacitance Bridge 
Inkavi \nductance Bridge 
Isolavi Insulation Testers 


Visit our Booth No. 1441 in ISA EXHIBIT 
Sept. 26-30 Coliseum New York 


150 Nassau St. 
44 Vl i'(@ New York 38, N.Y. 
“ Tel: DI 9-2470 
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John Pink 


Humble Oil & Refining ... C. T. 
Jones and C. W. Bates (photo) have 
been promoted to senior supervising 
engineers in the Baytown Technical 
Division. Bates is chairman of ISA’s 
RP Committee on control valves and 
their installation. Also at Humble, 
Houston Section member Ted B. 
Brister has been promoted to senior 
mechanical engineer in the Baytown 
Technical Division. 


CompuDyne Corporation .. . has 
announced the appointment of Hous- 
ton Section member John Pink (pho- 
to) as products marketing manager. 


WacLine . . . Edwin S. Shortess, for- 
merly with Hickok Electrical Instru- 
ment Co., joins the firm as general 
manager of the meter division. 


Daystrom . In a move designed 
to intensify and expand development 
work in several areas of electronics, 
Roswell W. Gilbert has been named 
director of corporate research. 


Thompson-Ramo-Wooldridge 
Marion F. Thorne has been appointed 
assistant to Dr. Simon Ramo, Ex- 
ecutive Vice-President. 


RCA . Appointment of Gordon 
A. McAlpine as market manager, 
industrial and automation products, 
has been announced. 


MIT... Appointment of Dr. Ernst A. 
Guillemin as Webster Professor of 
Electrical Engineering has been an- 
nounced by President Julius A. 
Stratton. Dr. Guillemin is a special- 
ist in the field of network theory, 
which is concerned with power and 
communications systems. 


100 ISA Journal 


Convair-Fort Worth Harry 
Passmore, III is the Institute of 
Aeronautical Sciences Flight Test 
Engineering Fellow for 1960. The 
Award totals $7,800 and provides for 
two years of graduate study at 
Princeton. Passmore, 25, is engaged 
in technical analysis, including test- 
ing and analyses of test results, of 
the aerodynamics and dynamic sta- 
bility of the B-58 Capsule Escape 
System. 


Datex Engineer Edwin L. 
Wheeler won a $125 award from the 
firm for a new method of arranging 
the “code” used on the rotating discs 
of shaft position encoders. The new 
method allows greater encoder reso- 
lution than is possible with conven- 
tional codes. 


Robert D. Shoberg Joseph Rosener, Jr. 
Beckman & Whitley Plasmadyne Corp 


Beckman & Whitley ISAman 
Robert D. Shoberg (photo) becomes 
manager of Camera Products in the 
Instrument Division. 


Plasmadyne Corporation . Jo- 
seph Rosener, Jr., (photo), a member 
of the Los Angeles Section, has been 
named president of this subsidiary 
of the Giannini Scientific Corp. 


Oak Ridge National Lab... Direc- 
tor Alvin M. Weinberg was named 
one of four recipients of the Atoms 
for Peace Award. Granted for the 
first time to American scientists, the 
award for 1959 is shared by Eugene 
P. Wigner, Professor of Mathemati- 
cal Physics at Princeton, and Leo 
Szilard, Professor of Biophysics at 
the University of Chicago. The 
award for 1960 is shared by Mr. 
Weinberg and W. H. Zinn, vice- 
president of Combustion Engineer- 
ing, Inc. Formal presentation was 
made at the National Academy of 
Sciences last month. 


NSPE ... James F. Fairman, senior 
vice-president, Consolidated Edison 
Company of New York, has been 
selected to receive the 1960 NSPE 
Award for outstanding service to the 
engineering profession. Formal pres- 
entation of the Award will be made 
this month in Boston. Among other 
qualities, Mr. Fairman was cited for 
“outstanding performance and origi- 
nality in utility system design and 
operation.” 


National Bureau of Standards... 
The 1960 Harry Diamond Memorial 
Award of the Institute of Radio En- 
gineers went to Kenneth A. Norton, 
Chief of the Radio Propagation Engi- 
neering Division. He was cited for 
“contributions to the understanding 
of radio wave propagation.” 


Servo Corporation of America... 
William P. MeNally has joined the 
company as manager of government 
contracts. 


Bell & Howell ... Research activities 
of Bell & Howell and CEC have been 
combined into a single, expanded 
operation. Dr. Charles F. Robinson 
has been appointed director of re- 
search; John G. Heiland, associate 
director; and Dr. Kenneth W. Gardi- 
ner as assistant director of the com- 
bined division. 


Hydel, Incorporated ... Hideo Mori 
(photo), Boston Section member, has 
been appoiiited vice-president of the 
firm. 


Samuel Moore & Co. . .. Los 
Angeles member Arthur O. Grum- 
ney (photo) has been appointed as- 
sistant sales manager of the com- 
pany’s Dekoron Products Division. 


Arthur 0. Grumney Hideo Mori 
Samuel Moore & Co Hydel, Inc 





General Radio...Donald B. Sin- 
clair, formerly vice-president and 
chief engineer, was appointed ex- 
ecutive vice-president and technical 
director at a recent meeting of the 
board of directors. 


Beckman George A. Green, 
member of the Orange County Sec- 
tion, has been named product plan- 
ning manager for the Scientific and 
Process Instruments Division. 


Electronic Engineering . Ap- 
pointment of Robert T. Arnold as 
division manager of the newly orga- 
nized Anaheim Electronics Division 
has been announced. 


Nankervis Company . The ap- 
pointment of Detroit Section mem- 
ber Edward J. Dahn to the sales- 
engineering staff has been announced 
by Robert L. Yung, general sales 
manager. 


Varian Associates ... Three exec- 
utives were named vice-presidents 
of the firm at a recent board meet- 
ing. They are Paul B. Hunter, Dr. 
Theodore Moreno and Dr. Emery H. 
Rogers. 


Vector Manufacturing . . . Thomas 
J. Lynch has been elected vice-presi- 
dent of the company, and Charles 
Weidknech has been elected vice- 
president and general manager of 
its subsidiary, Vector Communica- 
tions. Both companies are engaged 
in the manufacture of telemetering 
equipment. 


Minneapolis-Honeywell Her- 
bert F. Mitchell, Jr., has been ap- 
pointed a regional systems sales 
manager for the Datamatic Division. 
He will be headquartered in New 
York City. 


Acton Laboratories ... The newly 
formed Space Instrumentation Di- 
vision is headed by Herbert A. Co- 
hen, with Joseph R. Frissora as chief 
engineer and James L. King, design 
engineer. 


Laboratory for Electronics ...The 
new Advanced Development Divis- 
ion will be headed by Dr. Maurice A. 
Meyer, with Dr. Fred Moskowitz as 
assistant director. Activities of the 
division will center around advanced 
communications systems and tech- 
niques, navigation of space vehicles, 
reliability and data retrieval and 
recognition. 


Computer Control Company 
W. P. Horton, formerly manager of 
the Engineering Dept., Eastern Di- 
vision, has been named a vice-presi- 
dent, with responsibility for special 
projects applications. 


E. V. Roberts & Associates... Los 
Angeles member Ernest Roberts wil! 
represent Flite-Tronics, Inc., in areas 
of California, as well as in Arizona 
and New Mexico. 


Epsco...F. H. Gerhard has joined 
Epsco-West as senior design spec- 
ialist. Bernard L. Friedman has been 
elected vice-president of operations 
for the Cambridge, Mass., plant. 


Endevco Corporation . .. Peter L. 
Lindley, previously manager of spe- 
cial products section for Electro- 
Data Corp., has joined Endevco as 
manager of technical services 


Texas Instruments Houston 
Section member O. F. Henning has 
been appointed marketing manager 
for the Geosciences and Instrumen- 
tation division’s instrumentation 
product group at Houston. 


4 . 
Edwin 0. Brown L. P. Duck 
Daystrom Daystrom 


Daystrom Central New York 
Section member Edwin O. Brown 
(photo) has been named Philadelphia 
district manager for the Weston In- 
struments Division. Philadelphia 
Section member L. P. Duck (photo) 
succeeds Brown as manager of Wes- 
ton’s Syracuse District. 


Hughes Aircraft .. . New Manager 
of the flight test division is Robert 
M. DeHaven. 


Servo Corporation of America... 
Andrew Ireland has been appointed 
an infrared systems consultant for 
the electronics systems engineering 
department. 

(Please Turn to Page 102) 
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Also available as t 


Let others know you belong to ISA! 
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(Personalities, from Page 101) 


Arnoux Corporation Three 
ISAmen recently stepped into new 
positions: Northern California mem- 
ber Emo D. Porro was named vice- 
president in charge of marketing for 
the company and its divisions; 
Thomas F. Watson, Mojay:: Desert 
Section member, was narned sales 
manager in charge of all the va- 
rious divisions’ sales efforts and 
William A. Wilkinson, a member of 
the Wilmington Section, has been 
named director of manufacturing. 


W. L. Maxson... The newly cre- 
ated post of military market analyst 
goes to Nathaniel Hughes, who will 
formulate long-range military mark- 
eting plans. 


Stromberg-Carlson .. . New direc- 
tor of operations for the Electronics 
Division is William Lawrence, for- 
merly wth Bell Aircraft Corp. 


Sorenson ... Arthur L. Koehler 
has been appointed manufacturing 
manager in charge of all production 
at the NYC and South Norwalk 
plants. 


Aeronutronic .. . New manager of 
computer components, computer op- 
erations marketing, is Carl R. Jar- 
dine. 


Telemeter Magnetics . . . Robert 
Englert has joined the company as 
applications engineer in the Com- 
ponents Division. 


Kinetics Corporation . . . has ap- 
pointed Burton M. Kuck senior pro- 
ject engineer. 


> INDUSTRY NOTES 


instrumentation 
Abstracting Service 


An abstracting service covering 


articles on instrumentation which 
may be of interest to technical per- 
sonnel in the chemical, petrochemi- 
cal, petroleum, food, steel and glass 
industries has been established. 

The service includes articles deal- 
ing with instruments and _ instru- 
mental methods of analysis; meth- 
ods of measuring physical quantities, 
and instruments for process control, 
including those describing trans- 
ducers, controllers, and final con- 
trol elements. 

The service searches articles in 
American and selected foreign tech- 
nical journals covering develop- 
ments in instrumentation, papers 
presented at technical meetings in 
so far as they can be obtained, 
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W. E. Van Horne 
Keinath Instrument 


Dr. George Keinath 
Keinath Instrument 


Keinath Instrument Company .. . 
a new firm, has been formed in 
Columbus, Ohio, by Columbus Sec- 
tion member W. E. Van Horne (pho- 
to), former sales manager and assist- 
ant to the president of Industrial 
Nucleonics Corp. Dr. George Keinath 
(photo), a member of the New York 
Section, will serve the company as 
consulting technical director. Mr. 
Van Horne is president of the new 
company. 


Servomechanisms... Samuel Fein- 
stein has been named manager of 
the Applied Research Laboratory, 
Research Divison. 


OPW-Jordan ... New manager of 
government and marine sales for 
the firm is P. H. Coleman. 


Armour Research Foundation... 
Albert K. Hawkes has been promot- 
ed to supervisor in electronics re- 
search. 


Boonton Electronics ... Raymond 
E. Lafferty has been appointed chief 
engineer. 


Austin F. Platt Robert 0. Vaughn 
Hydromatics SIE 


Hydromatics, Inc. . . Austin F. 
Platt (photo), a member of the New 
Jersey Section, has been promoted 
to national sales manager. 


Southwestern Industrial Electron- 
ics . . . Robert O. Vaughn (photo) 
has been named vice-president, mar- 
keting, for SIE, one of the Dresser 
Industries. Vaughn was formerly 
Dresser’s western regional manager 
of government operations. 


National Cash Register... The re- 
cently formed military engineering 
department will be headed by Logan 
J. Hines, with Everett A. Emerson 
directing systems engineering activ- 
ities. 


Pyrometer Company of America 
... Robert J. Levine, president of 
Magnetic Instruments Co., has been 
elected to the board of directors of 
Pyco, Magnetic’s parent company. 


Magnetics, Inc. William J. 
Bradburn has been appointed a sen- 
ior engineer of the Control Division. 





Some 70 journals are searched reg- 
ularly and other jounrals are observ- 
ed for articles on instrumentation. 

For information on the service, 
contact Instrumentation Abstracts, 
80 East Jackson Boulevard, Chicago 
4, Illinois. 


Thin-Film Review 


A special issue of the quarterly 
IBM Journal of Research and De- 
velopment, Vol. 4, No. 2, is devoted 
to outstanding recent work with 
thin films at IBM. 

Of great interest is the potential 
that thin-film devices possess for 
possible applications in computers 
of the future. They show much 
promise as replacements for more 
conventional circuits which use in- 


dividual components such as resis- 
tors, capacitors, magnetic cores, 
transistors and diodes. 

By varying the materials used, it 
is possible to fabricate supercon- 
ducting, magnetic, resistive or semi- 
conducting thin films. 

Many of the papers in the Jour- 
nal deal with film fabrication, stress- 
ing the importance of controlling 
purity and structural properties and 
the need for control and reproduci- 
bility in device applications. Other 
papers report results from using 
films for the study of fundamental 
phenomena, 

The 244 page Journal contains 12 
technical articles, plus sections on 
abstracts and patents. 

The Journal is $1.25 for a single 
copy, $5.00 the year. Address The 
Editor, IBM Journal of Research and 
Development, IBM Corp., 590 Madi- 
son Avenue, New York 22, N. Y. 





18 fhillion. te 
396 thowsand 
gallons... ./ 


Wough FF SERIES 


fluid bearing 
FLOW SENSOR 


THE NEW STANDARD OF THE INDUSTRY 


This Waugh FF Series FLUID BEARING flow 
sensor has been operating at close to 
maximum output continuously for a full 
year ... and is still operating well within 
original accuracy tolerances. 18,396,000 
gallons of water have passed through it! 
The proven service life of the FF Series 
sensor introduces a new standard of 
operation and a new degree of accuracy 
and reliability for precision measurement 
of cryogenics, jet-aircraft fuels, and 

many other difficult to handle fluids 
Available in a wide range of flow rates, it 
is the only sensor with no mechanical 
contact between the rotor and stationary 
elements. The turbine is supported by a 
filtered film of the fluid being measured 
adding to linearity and eliminating wear 
from either radia! or thrust friction. The 
absence of conventional bearing surfaces 
results in reproducibility within 0.1% 

of flow rate, with linearity held to + 12%. 
The outgrowth of many years experience 
in the design and production of flow 
instrumentation, the FF Series has almost 
universal application, and sets a new 
standard for the industry. 

Request Bulletin 109 for complete 
technical data. 


Eng neering 

Representatives 
in Principal 
Cities 


WAUGH 
ENGINEERING 
COMPANY 


7842 Burnet Avenue, Van Nuys, Calif. 
STate 2-1710 
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4 NEW BOOKS 


Thermodynamics, Herbert B. Callen, 
376 pp., $8.75. 

Proceeding deductively from a few 
basic postulates, the author devel- 
ops a self-contained, simple, logi- 
cal theory of thermodynamics, and 
shows that the entire subject with 
its many applications is, in 
principle, a direct consequence of 
these postulates. This approach re- 
veals the essential simplicity of the 
subject and leads to a more pro- 
found understanding of it. (Order 
from John Wiley & Sons, 440 Fourth 
Ave., New York 16, N.Y. 


How to Use Meters, Second Edition, 
John F. Rider and Sol D. Prensky 
216 pp., $3.50. 

Everything that is new in meter in- 

strumentation will be found in this 

book which gives detailed informa- 
tion on the construction, operation 
and application of all types of elec- 
rical meters. New chapters on spe- 
cialized measurements and advanced 

meter features. (order from John F. 

Rider Publishers, 116 West 14th St., 

M.2. 48, N28.) 


How to Use Grid-Dip Oscillators, 
Rufus P. Turner, 112 pp., $2.50. 
Complete operating data covering 
many uses of grid-dip oscillator. 
Step-by-step practical operation in- 
structions are given; where calcula- 
tion are required, sample problems 
are completely worked out. Com- 
plete details given for step-by-step 
construction of a grid-dip oscillator. 
(Order from John F. Rider Publish- 
ers, 116 West 14th St., N.Y. 11, N.Y.) 


Millimicrosecond Pulse Techniques 
I. A. D. Lewis and F. H. Wells, 
417 pp., $8.50. 

Describes developments in the 
theory and design of electronic cir- 
cuits in devices for operation in the 
range of time intervals which lie 
between microsecond pulse circuits 
and microwave devices. Brief theo- 
retical introduction; bulk of work 
is devoted to basic circuit elements 
and pieces of equipment for univer- 
sal application. Second edition is 
enlarged and revised. (Order from 
Pergamon Press, 122 East 55th St., 
New York 22, N.Y.) 


Manual of Mathematical Physics, P. 
I. Richards, 486 pp., $17.50. 

Concise source of information on 
theoretical physics and allied math- 
ematical techniques. Wide, compre- 
hensive selection of formulae and 
statements which are either basic to 
physical theory or useful in a wide 
range of applications. Material is 
highly condensed and must there- 
fore be considered advanced. (Order 
from Pergamon Press, 122 East 55th 
St., New York 22, N.Y.) 
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Specify the Finest 
Digital Voltmeter Made 


6 
— 


NLS SERIES 20... When the combi- 
nation of reliability, speed and accurs 
acy is of uncompromising importance 
— you can’t afford to gamble on 
“second best” digital measuring equip- 
ment! NLS Series 20 instruments are 
field-proven in the most critical appli- 
cations — missile and electronic sys- 
tems checkout, automatic process 
monitoring, sophisticated laboratory 
research. Be sure—specify NLS Series 
20, the instruments selected by major 
missile manufacturers after thousands 
of hours of competitive life testing. 


Features: M24 measures DC voltage, voltagé@ 
ratio or resistance in a third of a second, V24 
measures DC voltage and voltage ratio at same 
speed . . . both instruments feature advanced 
transistoried circuitry and mercury-wetted relays 
with life in excess of 3 billion readings .. . 
+one digit accuracy on DC voltage and voltage 
ratio . . . completely automatic operation .. . 
plug-in modular construction . AC or low 
level measurements with plug-in accessories... 
output connectors for continuous data logging. 
Ranges: DC voltage +.0001 to +999.9; DC 
voltage ratio to +.9999; resistance .1 ohm to 
1 megohm. M24, complete: $5,650.00. V24, com- 
plete: $4,950.00. Write today for complete data. 


Originator of the Digital Voltmeter 


non-linear systems inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 


NEW ... FREE 20-page Series 20 
booklet, most complete ever offered 
on a single DVM series. 
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A GREAT NAME IN THERMOMETERS 


PALMER 4— 


° Mercury Actuated 
Temperature Indicating Instruments 


A—4%2” DIAL THERMOMETERS: Made in 3 types 
to suit any requirements. Rigid stem, wall or 
flush mounted, 11 inches of scale reading. In- 
terchangeable with standard industrial separ- 
able sockets. Stem can be placed at any angle 
and case can be rotated to any readable 
position. 

B—RECORDING THERMOMETERS: Twelve inch 
die-cast aluminum case with black finish. Single 
or multiple pen construction. Electric or spring 
wound clock, 24 hour or 7 Day Revolution. Flex- 
ible Armor and bulb of stainless steel. Ranges: 
—40 +950° F or Equivalent in °C. 


C—INDUSTRIAL THERMOMETERS: Red-Reading 
Mercury—Extruded brass case—chrome finish. 
Ranges: —40 + 950° or Equivalent in °C. 


D—RED-READING MERCURY LABORATORY THER- 
MOMETERS: Thoroughly annealed for permanent 
accuracy. Complete line A.S.T.M. and fractional 
division types. 


FOR COMPLETE INFORMATION WRITE FOR CATALOG 
a aL TE 
A 


PALMER THERMOMETERS, INC. 
Cincinnati 12, Ohio « MElrose 11500 
CIRCLE NO. 101 ON PACE 97 
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Magnetic Amplifiers 


I'wo-page bulletin M-88 gives applica- 
tions, description of 400 cps magnetic 
amplifiers which, with thermocouple, 
strain gage, photocell or other low-level 
inputs, can deliver 0 to +5 volts output 
into a 50K load at accuracies of 0.1% in 
a single stage of amplification. Airpax 
Electronics, Inc. 


CIRCLE NO. 401 


Data Processing System 


Bulletin S-4017-A, 8-pages, describes 123 
data processing system with pinboard pro- 
graming, highly accurate analog-to-digital 
conversion, transistor circuits and appli- 
cation flexibility adapting it for use in 
process control] systems. Beckman. 


CIRCLE NO. 402 


Conversion Factors 


Twenty-one page pocket size book is 
compilation of multiplication factors in- 
volved in converting fundamental elec- 
trical and magnetic units; over 800 con- 
version factors. Automatic Electric. 


CIRCLE NO. 403 


Analysis & Control Catalog 


Instruments for lab analysis, process 
control and research are described in 
16-page general catalog 1313. Techniques 
and instruments for leak detection, mass 
spectrometry, chromatography, moisture 
monitoring and other types of analysis 


and control. Consolidated Electrodynamics. 


CIRCLE NO. 404 


Semiconductor Directory 


Greatly expanded sixth edition of Semi- 
conductor Directory is a complete pur 
chasing guide to newest semiconductor 
devices, listing some 2,400 types at OEM 
prices. M-H and Rheem make their first 
appearance in new 16-page edition. Allied 
Radio Corp. 

CIRCLE NO. 405 


“‘Nuvistorized’’ Oscillators 


Four-page catalog gives complete data 
on general, electrical, mechanical and 
environmental characteristics plus typical 
performance charts on monostable, ast- 
able and counting blocking oscillators 
which use new RCA subminiature “nuvis- 
tor” vacuum tubes. Mini-Rad, Inc. 


CIRCLE NO. 406 


Chromatography Catalog 


1960 Chromatography Book features in 
28-pages all types of instruments and sup- 
plies for gas, paper and column chrom- 
atography, plus components, attachments, 
accessories. Special section on densito 
metry combinations for chromatography 
and electrophoresis. Spectrophotometry 
section. Schaar and Company. 


CIRCLE NO. 407 


Ballistic Cameras 


Synchronization of satellite tracking 
cameras, spaced 200 miles apart, to within 
0.1 millisecond described in technical 
paper on “Ballistic Camera Synchroniza 
tion System” by senior engineer John B 
Shannon. Electronic Engineering Co 


CIRCLE NO. 408 


Instrument Bearings 


High precision thin-width instrument 
bearings for use in synchros, gear trains, 
potentiometers, servos and small motors 
are described in 4-page bulletin 6002 
Miniature Precision Bearings, Inc. 


CIRCLE NO. 409 


Hidden Water Costs 


Bulletin 553-A tells how to eliminate 
water waste with controlled 
points out ways that proper valve selection 


pressure, 


and application can reduce hidden costs 
connected with use of water in industry; 
tells how water reducing valves operate 
and gives complete info on proper sizing 
procedures. Leslie Co. 

CIRCLE NO. 410 


Potentiometer Range Change 
New 4-page data sheet NY2(1) provides 


guide to selecting necessary components 

scale, chart, circuit panel, etc,—to change 
range of any standard Speedomax H_ in- 
strument. Parts numbers, wiring diagrams 
to simplify electrical connections are listed 


Leeds & Northrup. 
CIRCLE NO. 411 


Sampling Oscillography 


Eight-page application note 36 “Samp- 
ling Oscillography” describes method for 
pulse analysis of ultra-fast circuits. Traces 
history of sampling techniques and recent 
applications to oscilloscopes, extending 
their usefulness to a higher portion of 
the frequency spectrum. Hewlett-Packard. 


CIRCLE NO. 412 





Whether you’re controlling or recording 


.»» how you can mix electric and pneumatic components 


The introduction of Honeywell’s complete line of 
ElectriK Tel-O-Set instruments makes electric 
and pneumatic components completely compatible. 


Now you can add the advantages of electric instru- 
mentation to your present pneumatic systems. 
Or, if you are designing a new system, you can use 
your favorite pneumatic components in an other- 
wise completely electric system. 

Here’s an example: You have a pneumatic system 
but want to record a key variable on an ElectroniK 
strip chart recorder. The answer is an ElectriK 
Tel-O-Set pressure-to-current (P/I) transducer 
which converts the standard 3-15 psi signal to a 
standard 4-20 ma signal which can be fed to a 
data logger or computer as well as to a potenti- 
ometer. 














Now let’s assume that you are putting in an all- 
electric system but prefer pneumatic control valve 
operators. Here the answer is an easily installed 
ElectriK Tel-O-Set current-to-pressure (I/P) valve 
operator which converts the standard 4-20 ma 
signal to a standard 3-15 psi signal. 














Used separately, ElectriK Tel-O-Set transducers 
allow you to easily intermix electric and pneumatic 
components. Used together, in pneumatic loops, 
they give you long distance high-speed trans- 
mission and eliminate the lags inherent in long 
runs of pneumatic tubing. 


yea CA 
3 qe! ERING THE FUTURE 


WEAR 
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High-Speed 
Electric 
Transmission 














These twins have a calibrated accuracy of + 14% 


of span. They’re completely transistorized for 
long, reliable service. Only two wires, forming a 
series circuit between the two transducers, are 
needed to carry the signal as well as the system’s 
power. Line power is not required in the field. 


Transducers are just part of the story. ElectriK 
Tel-O-Set transmitters are available to convert 
temperature, pressure, differential pressure, and 
other process variables into a current signal. To 
complete your system, you have a wide choice of 
different types of electric control . . . readouts in- 
cluding meters, indicators, and large case recorders 
. . and final control elements. 


Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. 

MINNEAPOLIS-HONEYWELL, Wayne & Windrim 
Avenues, Phila. In Canada, Honeywell Controls 
Limited, Toronto 17, Ont. 


Honeywell 
() Fiat oe Couttol 


SINCE 1665 
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Input Regulator 
Design information on new input reg- 
ulator which provides control for a wide 


variety of electrical equipment and com- 


| mercial devices is provided in new pub- 

lication. Unit handles any resistive load 

y up to 15 amperes. Robertshaw-Fulton, 
CIRCLE NO. 413 


Indiana Division. 





Be sharp. Keep informed of the latest 
developmentsand techniques. Today’s 
innovations soon are replaced by to- Pocket size, semi-opaque, non-glare plas- 


morrow’s achievements. tic drafting template aids in drawing 

| cross sections of manufacturer’s metal re- 
. taining seals. Also carries dimensional, 
Shun new ideas and advancements. | tolerance, other helpful information 


Nothing ever really changes. Parker Seal Company. CIRCLE NO. 414 


Drafting Template 





Marry the boss’s daughter. Let some- 


body else do the worrying.* Synchro Catalog 


Definitions of synchro parameters, di- 
mensional drawings, circuit diagrams, and 
physical, mechanical and electrical char 
acteristics of basic line of size 8, 10, 11 


simple quiz - ++ and obviously not difficult to answer. For the and 15 synchros in 16-page catalog 4000 
successful man to move ahead on the job, advance in his lohe Over Manulacteries Co 
profession, he must stay current. The need to know impels him CIRCLE NO. 415 
to stay informed @ And what better way of keeping abreast of the latest 
developments in instrumentation than through membership in the . 
Instrument Society of America, the only internationally recognized Portable Chlorinator 
Society completely devoted to advancing this dynamic technology. Data sheet D-60-1 describes portable 
Through conferences and symposia; clinics and workshops, educa- chlorinator used by a food processing 
tional programs, training aids, exhibits and through various society plant to clear up dangerous water con- 
publications an ISA member is able to further his own knowledge mere et maple gt gua 
of instrumentation. He can also contribute profitably to his company’s hte as mes tn on 
use of modern techniques of measurement, data processing and com- 
putation, control and systems engineering @ How to get ahead on your 
job? Easy. Become a member of ISA, fastest growing society in the 
country today. Complete line of aviation instruments 
*Statistics show that the average boss has only 1.2 daughters. Frankly, the and components described in 48-page 


odds are against you here. manual 05-100-B. Specs, dimensional 
drawings, wiring diagrams, mounting info 


explanation and cross-reference of model 
ANNUAL DUES... dectausthaine by service types and specifi- 
Senior Member and Member . cation number. Daystrom/Weston 
Associate Member . CIRCLE NO. 417 
Student Member 
Membership includes free subscription to [SA Journal, Fluid Fi M 
official publication of the Society .. . first in instru- ul ow eters 
mentation, automatic control and systems news and Operation, ranges and installation re 
quirements of complete line of fluid 
meters included in 8-page bulletin 20. 
Integrators, compensators and primary 
elements also discussed. Bailey Meter. 


INSTRUMENT SOCIETY of AMERICA CIRCLE NO. 418 


313 Sixth Avenue, Pittsburgh 22, Pa. 


Aircraft Instruments 


editorials. 


I want to advance in my profession. Please send me your free Hermetic Seals 
Basic types of precision hermetic seals 


booklet, ‘“Your Place In Instrumentation” and a Membership 

A pplication Form for evacuated or pressurized enclosures 

f ‘ described in 28-page catalog 1259 which 

NAME has special section on latest glass seal 

ADDRESS nomenclature. Special info on general 
manufacturing techniques and usage rec- 


CITY ZONE STATE J | ommendations will be helpful to de- 
L. =a a ee ee eee eee ee signers. Dage Electric Company, Inc. 


CIRCLE NO. 103 ON PAGE 97 CIRCLE NO. 419 
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Microwave Instrument Catalog 


Company’s entire line of noise and 
field intensity meters, impulse generators, 
modulation meters, power density meters, 
coaxial attenuators and_ terminations, 
crystal mixers and microwave components 
described in 48-page general catalog 604. 
Empire Devices Products Corp. 


CIRCLE NO. 420 


Digital Instruments 


Digital instrumentation is described in 
6-page bulletin 100-D which gives brief 
specs and features on d-c volt-meters, 
control units, preamplifiers, a-c converters, 
ohmmeters, etc. Prices. Cubic Corporation. 


CIRCLE NO. 421 


Electrical Meters 


Ruggedized electrical meters and ac- 
cessories for use in communications equip- 
ment, aircraft, electrical test sets, indus- 
trial devices, etc., described in bulletin 
81100, which gives description, specs, etc. 


WacLine. CIRCLE NO. 422 


Multicoupler Performance 


Booklet discusses multicoupler charac 
measurement and_ their 
performance. Includes 


teristics, their 
effect on 
technical discussion on kinds of multi 
couplers, specifying multicouplers for par- 
ticular systems and multicoupler testing 
Irak Electronics Co CIRCLE NO. 423 


system 


Switch-Circuit Assemblies 


Switch-circuit assemblies for use in pulse 
and digital systems described in 4-page 
data sheet 172 that has photos, schematic 
diagram of circuit, graphs of typical out- 
put pulses, mounting diagrams, detailed 
applications info and prices. Minneapolis- 
Honeywell/Micro Switch. 


CIRCLE NO. 424 


Digital Meter Catalog 


Short form catalog features instrument 
selection guide on digital volt-meters, 
ratiometers, ohmmeters, voltage and re- 
sistance comparators and associated meas- 
uring equipment. Application data and 
photos; section on “What Digital Volt- 
You.” Non-Linear 
CIRCLE NO. 425 


meters Can Do for 
Svstems, Inc 


Transistor Power Supplies 


Complete line of transistorized regula- 
ted power supplies, dc-dc voltage regula- 
tors and transistor checker, all designed 
for transistor circuit applications, is ex- 
plained with applications, specs and prices 
in catalog SF1259. Valor Instruments. 

CIRCLE NO. 426 





versatile 
tool 
for system 
design 
engineers 


Solves differential equations by 
ROOT LOCUS plots. 


Provides BODE phase and gain 
plots from system poles and zeros. 


Synthesizes compensation networks. 
Evaluates residues. 

Factors polynomials. 

Analyzes sampled data systems. 


Solves non-linear problems involv- 
ing hysteresis or saturation by the 
describing function technique. 


Designs process control systems, 


Derives process transfer functions 
from power density spectra. 

Uses rapid, logical pole-zero pro- 
gramming. 

Provides permanent, plotted graphs 
for all stages of dynamic system 
design. 


A complete analog computer that increases system design productivity more than five 
fold at a net price less than the yearly salary of a design engineer. The Esiac rapidly 
solves generalized system equations expressed in the following forms 


F= +Ks" (s—s,)9 (s—s.)M2 (s—s,)% .., 


or 


F= Ks (1 —S)m: (1—S)m2 (1— FM... 


Telephone collect to discuss your system design problems with an Esiac engineer, 
Write for descriptive engineering bulletins, Esiac solutions to system design problems, 


or an Esiac demonstration in your plant 


® 


See it demonstrated 


1960 WESCON, NEC 


and ISA SHOWS 


Electro Scientific industries 
7524 S.W.MACADAM + PORTLAND I9, OREGON 


formerly 


CHerry 6-3331 


ELECTRO-MEASUREMENTS, INC. 


ESI has outstanding opportunities for design and applications engineers. Call or write Mr. Davis. 
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new literature 





Miniature Pressure Gages 


Miniature vertical-type gages with 5- 
inch scales for measuring and indicating 
draft, pressure, differential pressure, temp- 
erature and pneumatic signals described 
in new 12-page bulletin 59-1 which shows 
scales and ranges available, gives mounting 
dimensions and lighting details. Republic 
Flow Meters Co 


CIRCLE NO. 427 


Shaft Position Encoders 


New 12-page brochure “Shaft Position 
Digital Encoders with Magnetic Readout” 
gives complete specs on 13-bit and in- 
cremental encoders. Table is included for 
conversion from binary code to decimal or 
Gray codes. ASCOP, division of Electro 
Mechanical Research, Inc. 

CIRCLE NO. 428 


Fraction Collector 


Issue of CIC Newsletter contains fea 
ture article on new method for collecting 
fractions from a gas chromatograph di- 
rectly in ultra-micro infrared absorption 
cells. Various components necessary are 
described as are novel methods for ob- 
taining infrared spectra of small samples 
Connecticut Instrument Corp 


CIRCLE NO. 429 


Modular In-Line Switches 


Specs and installation data on _ elec- 
tromechanical switching devices given in 
catalog 7300-A. Describes circuit codes 
available in single-pole and double-pole 
decimal, binary-coded decimal and octal- 
binary notations. The Digitran Co. 


CIRCLE NO. 430 


Digital Volt-Ohmmeter 


digital volt 
transistorized, 


Bulletin describes new 
ohmmeter that is fully 
has no stepping switches or relays, and 
can perform many operations without 
modification. Epsco, Inc. 

CIRCLE NO. 431 


Logarithmic Converter 


Four-page application note AN-101 de 
scribes use of logarithmic converter as 
a computing element. Used in pairs and 
with suitable readout device, converte 
readily can perform multiplication and 
division. F. L. Moseley Co. 

CIRCLE NO. 432 


Miniature Lamps 


Handy pocket booklet lists all known 
standard miniature lamps now available 
and sources of supply; specs on close to 
100 lamps; common lamp nomenclature; 
drawings of various styles and descriptions 
of parts. Chicago Miniature Lamp Works 
CIRCLE NO. 433 


CONTROL ENGINEERS 


RW-300 COMPUTER SYSTEMS 
FOR AUTOMATIC CONTROL 
OF INDUSTRIAL PROCESSES 


The Thompson-Ramo-Wooldridge Products Company, 

the leader in industrial computer control, is seeking two or 
three engineers with advanced training and experience 

in control system analysis, computers and instrumentation. 
At T-R-W Products, engineers work in small teams to 
design and evaluate RW-300 systems for many kinds of 
processes. Problems arising from multi-loop, multi-variable, 
nonlinear, sampled data, and optimizing nature 

of computer control systems present real challenges. 

M.S. or Ph.D. degrees are required; salary 

is commensurate with training, experience and 
responsibilities. Those interested are invited to write: 


Dr. Thomas M. Stout, Process Analysis Department Manager 


THE THOMPSON -RAMO-WOOLDRIDGE 
PRODUCTS COMPANY 
a division of Thompson Ramo Wooldridge Inc. 


202 North Canon Drive - Beverly Hills, California 


108 ISA Journal 


Test Equipment Catalog 


Illustrated 12-page catalog describes RF 
test equipment for quantitative measure- 
ments; features introduction to MBC 
(measurement by comparison) technique 
which eliminates need for calibration 


“take-downs.” Jerrold Electronics Corp. 


CIRCLE NO. 434 


Diode Evaluation System 


Brochure gives info on new diode eval 
uation system for manufacturers and users 
that simulates aging and gives rapid, 
efficient, dynamic testing of diodes in 
quantity, Flite-Tronics, Inc 

CIRCLE NO. 435 


Chromatography Catalog 


Modular instruments for gas chromato- 
graphy described and illustrated in 69- 
page catalog which contains spec section 
and price list. Several modular systems 
shown; 22 modules and 21 other units and 
accessories. Research Specialties. 


CIRCLE NO. 436 


Transistor Application Guide 


Guide to proper selection of transistor 
types for specific applications presents 
primarily in graphs and 


lransistors are clas- 


information 
curves for simplicity 
sified in terms of one or two important 


parameters. Philco/Lansdale Div 
CIRCLE NO. 437 


TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 

















Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Differential Pressure 
Inclined Manometers for draft, 
pressure or differential pressure. 


SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 


463 GETTY AVE., PATERSON,N. J. 
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Semiconductors 


New 12-page brochure covers complete 
line of industrial semiconductor products; 
major specs such as breakdown voltages, 
current capacity and operating tempera- 


ture range; info on manufacturer's new 
reliability program. Motorola 
CIRCLE NO. 438 


Electronic Instruments Catalog 


Six-page short form catalog describes 
complete line of electronic instruments; 
detailed technical specs on variable elec- 
tronic filters, wide-range RC oscillators, 
regulated power supplies, etc. Prices and 
delivery info. Krohn-Hite Corp. 

CIRCLE NO. 439 


Pressure Hose 


Comprehensive data on pressure hose of 
synthetic construction for all hydraulic 
and other high-pressure applications; min- 
imum burst pressure is listed at 9,000 to 
12,000 psi depending on size; temperature 
range from —40 to 225°F. Engineering 
data, nomographic chart, specs on coupl- 
ings, etc., in 23-page NEPR-500. Imperial 
Brass Manufacturing Co. 

CIRCLE NO. 440 


Sanity in Control 


“A Return to Sanity in Computer Con- 
trol,” bulletin S-4019, written in layman's 
language, provides answers to some com- 
mon problems of computer control and 
gives details on step-by-step method for 
developing highly-reliable computer con- 
trol system with minimum capital com- 
mitment. Beckman Instruments 


CIRCLE NO. 441 


Automatic Fluoridator 


Dimension drawing, flow diagram, ma- 
terials of construction and principle of 
operation on automatic fluoridator in spec 
sheet 70D-1100. Unit is wall mounted so- 
lution dispenser that smoothly mixes and 
feeds a fluoride solution to a point of 
application. Fischer & Porter. 

CIRCLE NO. 442 


Instrument Wire 


New 8-page illustrated catalog describes 
enameled wire, magnet wire and ultra- 
thin wall instrument wire; discusses prop- 
erties of magnet wire, special construc- 
tions, packaging; gives complete specs and 
dimensional data on products. Tensolite 
Insulated Wire Co. CIRCLE NO. 443 


Quartz Crystal Transducers 


Illustrated bulletin 101160 shows full 
line of natural quartz crystal transducers 
for pressure, force, acceleration and vi- 
bration measurements; describes range, 
sensitivity and construction, unique char- 
acteristics for precisely measuring numer- 
ous physical phenomena. Section on as- 
sociated electronic equipment. Kistler Inst. 

CIRCLE NO. 444 


guarantees continuous, 
accurate, automatic 
density control! 





Like a “sentinel” that never tires or sleeps, 
Ohmart Density Gages guard product quality, 
improve system efficiency, multiply your prof- 
its. Ohmart offers the most complete, standard 
line of nuclear gaging equipment for controlling the density 
variable in liquids or slurries, level measurement, and interface 


detection. 
Ohmart Profit-Making Advantages: 


e Each Ohmart installation car- 
ries a performance guarantee. 


Maintains single optimum point 
of density, automatically, by di- 
rect measurement. 


Quickly pays for itself through 
increased production and high- 
er net profits; reduced variable 
and capital costs. 


Saves manpower, eliminates hu- 
man error, cuts operating costs. 


System is ruggedly constructed, 
has no moving parts. Gages are 
not in contact with the media. 
There is nothing to clog, wear 
out, or corrode. 


e Measures density to repeatabili- 
ties of 0.0005 specific gravity 
units or within 2% of selected 
range. 











Typical Ohmart system for con- 
trolling specific gravity or density 
by actuation of a valve. 


Atomic Operation: 


Ohmart system employs a gamma radiation source with the pat- 
ented Ohmart Cell as the detector which converts gamma radiation 
directly into electrical energy. Materials placed between the source 
and the cell absorb the energy in proportion to the density. As a 
result, cell output current is a measurement of the density. The 
output current is amplified and fed to any standard potentiometric 
recorder/controller. Departures from the optimum control point 
actuate controls necessary to bring the system back to optimum 
density. The gamma source is properly shielded for complete 
safety. Low radiation level cannot affect the materials measured. 

For full details, write for Bulletin 105-C. 


ohmart The Ohmart Corporation 
2238 Bogen St., Cincinnati 22, Ohio 
Engineering representatives in principal areas 
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new literature 





Time Interval Measurements 
Fourteen-page data file 112 describes 

methods of making precise time measure- 

ments with digital electronic apparatus. 

Includes measuring period of signal, pulse 

interval and phase difference; timing relay 

action; determining velocity. Beckman. 

CIRCLE NO. 445 


Thermocouple Catalog 
New 40-page catalog G100-1 describes 
over 100 complete thermocouple assem- 
blies in detail; includes price list, specs, 
photos, dimensions and ordering informa- 
tion. Minneapolis-Honeywell. 
CIRCLE NO. 446 


Instrument Digest 
Bulletin 19-60-90 is digest showing and 
describing every major line of instruments 
manufacturer makes or sells. References 
and query card for bulletins giving com- 
vlete info. James G. Biddle Co. 
CIRCLE NO. 447 


Transistor Adaptors 
Five transistor adaptors for use with 
manufacturer’s RF Bridge type B-601 are 
described in illustrated bulletin WK-Q- 
601. Description, design features, brief 
specs. Wayne Kerr Corp. 
CIRCLE NO. 448 


Spherical Union Connections 
Data Unit 377 gives infeswnation on 

spherical union connections which com- 

pensate for up to 10° misalignment of 

vessel tappings in any direction from per- 

pendicular axis and a wide variation in 

centers. Jerguson Gage & Valve. 

CIRCLE NO. 449 


Slidii:-Gate Regulators 
Stainless-steel sliding-gate pressure reg- 
ulators for use with steam, water, air, oil, 
gas and many corrosive chemicals are 
described in 2-page bulletin JNP-4. Rec- 
ommended for pressures to 300 psi and 
temperatures to 600°F. OPW-Jordan. 
CIRCLE NO. 450 


Eccentric Valves 
Features, materials, pressure ratings, 
dimensions, accessories and applications 
of eccentric valves are given in 8-page 
bulletin 110. DeZurik Corporation. 
CIRCLE NO. 451 


Pressure/Temp Recorders 

Catalog 800, 8-pages, describes temp- 
erature and pressure recorders. Spiral 
bourbon tube and bellows-type pressure 
elements; mercury, vapor pressure, gas 
pressure and organic liquid temperature 
elements — table lists thermal element 
characteristics for each type. Minneapolis- 
Honeywell. CIRCLE NO. 452 


Nitrogen Analyzer 

Product data and application informa- 
tion on automatic nitrogen analyzer in 
6-page bulletin B-258; instrument is fully 
automated method of performing micro- 
Dumas process of nitrogen determination 
within 15 minutes. Coleman Instruments. 


CIRCLE NO. 453 


Photoelectric Reader 

Two page data sheet 2120 on photo- 
electric tape reader outlines operation of 
reader using a printed armature motor, 
eliminating brakes and clutches of any 
kind. Complete list of performance specs. 
Photocircuits Corporation. 


CIRCLE NO. 454 


Digital Modules 

Tabbed folder contains 17 spec sheets 
on line of transistorized and magnetic 
digital modules which are basic building 
blocks for data processing systems. Packard 
Bell Computer Corp. 


CIRCLE NO. 455 


Strainer Guide 
Simplified selection and sizing of in- 
dustrial and marine strainers covered in 
88-page handbook which contains a com- 
pilation of reference data for layout of 
fluid flow systems and sizing of strainers, 
tabulated results of testing, and valve and 
information. Tate Engi- 
CIRCLE NO. 456 


pipe selection 
neering, Inc. 





EE! 


PUC 
MASTER 
CATALOG 
#2] 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS» CLUTCHES « 
BEARINGS * COUPLINGS « DIFFERENTIALS 

¢ SPEED REDUCERS and many other Pre- , 
cision Engineered Parts . 
& Components. 


Send For Your 
Copy Today. 


PIC DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 
477 Atlantic Ave., East Rockaway, L.I., N.Y 
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® COMPLETE 
®@ PROMPT 
®@ COMPETENT 





Keeps you up to date 
with cards coded for 
easy reference 





GAS CHROMATOGRAPHY 
ABSTRACTING SERVICE 





For full information write to: 
LOWRY-PRESTON 


TECHNICAL ABSTRACTS CO. 
80 E. JACKSON BLVD. 








CHICAGO 4, ILL. 
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0-5 VDC OUTPUT 


PRESSURE 
TRANSDUCER 


Ranges: 5 to 1,500 psi — Gage, Differ- 
ential or Absolute—Accepts corrosive 
fluids, both sides. 


Insensitive to Shock and Vibration. 


Input: 25-30 Volts DC at 20 ma. 


Combines Variable Reluctance Pres- 
sure Transducer and Carrier Demodu- 
lator for voltage controlled telemetering 
and other DC systems. 


ad \ O9 


engineering company 
13035 Saticoy Street 
North Hollywood, California 
TRiangle 7-7139 
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Digital Systems Catalog 


Short-form catalog features quick-ref- 
erence table showing 85 building blocks 
and 22 accessory units by type and price; 
also describes computers, programed data 
processors and memory testers which can 
be built from logic modules. Digital 
Equipment Corp. CIRCLE NO. 457 


Vapor Fractometer 


Comprehensive, 36-page brochure de- 
scribes vapor fractometer, new gas chrom- 
atograph incorporating highly sensitive 
detectors and high-resolution Golay col- 
umns with separating efficiencies over 
ten times that of conventional columns. 
Operation, construction and specs. Perkin- 
Elmer. CIRCLE NO. 458 


Photovoltaic Cells 


Complete description of photovoltaic 
cells for the precise measurement of light 
where it is used to perform a control 
function is contained in 8-page bulletin 
GEZ-3005. Data on spectral sensitivity, ex- 
posure effect, temperature characteristics, 
current output, internal resistance, etc. 
General Electric. CIRCLE NO. 459 


Angular Position Transducer 


Data sheet 903/A/O on angular position 
transducer sensitive to rotation of 0.012° 
gives description, photo and specs. Bourns. 


CIRCLE NO. 460 


The “Academic” Computer 


“The General Purpose Computer in 
Academic Life”, an illustrated report of 
interest to businessmen, librarians, scien- 
tists and educators, briefly summarizes 
work being done at some of the Bendix 
G-15 installations in the nation’s leading 
educational centers, work which strongly 
resembles the needs of a variety of private 
enterprises. Bendix Computer. 

CIRCLE NO. 461 


Digital Instruments 


New 20-page bulletin 20-1 on transis- 
torized digital voltmeters, ratiometers and 
ohmmeters uses wiring diagrams and ap- 
plication photos extensively. First section 
covers major features and applications; 
second section covers operating features, 
accessories, specs, etc. Non-Linear Systems, 
Incorporated CIRCLE NO. 462 


Transducer Catalog 


Design details and applications of pres- 
sure instrumentation, force-balance instru- 
ments, unbonded strain-gage and poten- 
tiometer pressure transducers, vibration 
transducers, accelerometers, galvanometers, 
and ceramic and precision optical prod- 
ucts in 16-page general catalog 1308. 
Consolidated Electrodynamics. 

CIRCLE NO. 463 








NEW IBM DEVELOPMENTS 


create unusual opportunities 


IN PROCESS CONTROL! 


Men who join us now can play a fundamental role in the automation of indus- 
trial processes in the future. Important breakthroughs in the application of 
digital data processing techniques to the automatic control of industrial 
processes are creating new career opportunities. 

There are now openings at IBM for engineers, scientists and mathematicians 
with three years of operating and supervisory experience in these process 
industries: chemicals, glass, metals, paper, petroleum, public utilities, and 
rubber. 

Your background must include extensive experience in at least two of the 
following areas: 


Process design + Control engineering - Instrumentation - Operations 


research + Data handling and data processing ~- Economic analysis 


You will have the opportunity to work with a wide variety of management and 
industrial personnel. Successful candidates will receive specialized training 
in the application of computers to process control. 


Positions are available in major industrial areas throughout the United States. 
For details, please write, outlining your background and experience. All 
letters will be kept confidential and will be acknowledged. 


Mr. G. P. Lovell, Manager 
Employment Programs 
IBM Corporation 

112 E. Post Road 

White Plains, N. Y. 


DATA PROCESSING DIVISION 
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_98 INSTRUMENT ENGINEER 
classified with outstanding qualifications needed 
to fill position in processing plants 


ALLIED CHEMICAL CORPORATION 
NATIONAL ANILINE DIVISION 


advertising 


POSITIONS WANTED: 75c per line, mini- 
mum three lines. Box number counts as 
one line. Payable in advance. No dis- 
count 

POSITIONS OPEN, etc.: $1.50 per line, 
minimum three lines. Box number 
counts as one line. 

50 characters and spaces per line. 

DISPLAY AD (up to 414”): $14.00 per col- 
umn inch. Minimum 1 column inch 

Other size ads—standard ad rates apply. 

Copy must reach the ISA Journal, Granite Bldg., 

313 Sixth Ave., Pittsburgh 22, Pa., not later than 

10th of month preceding date of publication. 








REPRESENTATIVES AVAILABLE 





INSTRUMENTATION ENGINEER B.S.M.E. Moving to 
Florida to start sales agency. 5-1/2 years indus- 
trial sales experience with major instrument com- 
pany. Proven sales record. Instrument and related 
line accounts wanted. Write Box 143, R.D. 1, 
Scotia 2, New York. 


POSITION WANTED—MANUFACTURERS REPRESENTA- 
TIVE. Age 33. Twelve years experience in instru- 
mentation of paper mills and oil refinery. Grad- 
uate 1.C.S. Ch. E Write Box 2142, c/o ISA 


Journal 


ESTABLISHED INSTRUMENT COMPANY offering en- 
gineering, sales, installation service in New 
Orleans—-Baton Rouge—Gulf Coast desires to rep- 
resent industrial instrument manufacturer. Write 
Box 2141, c/o ISA Journal 





REPRESENTATIVES WANTED 











REPRESENTATIVES WANTED. Manufacturer of Dia- 
phragm Control Valves, Pressure/Temperature feg- 
ulators and Liquid Level Controllers desires repre- 
sentatives on an exclusive basis in the following 
Cities: Milwaukee, Chicago and Tulsa. Also the 
States of North and South Dakota. Write Box 2143, 
c/o ISA Journal. 


Sah aah hhh hid biedn i tedednind 


INSTRUMENT 
ENGINEER 


Specify control instruments 
and valves for complete proc- 
ess eycles or plants and co- 
ordinate application and new 
utilization of instrumentation 
in process plants with project 
engineers, customers and de- 
sign groups. 
Requires 2-5 years’ experi- 
ence in instrument engi- 
neering on complete proc- 
ess cycles or plants in 
chemical or refinery fields 
and complete knowledge 
of manufacturers and ap- 
plications of hydraulic, 
pneumatic and _ electrical 
instruments. 
Send resume in confidence, 
including salary requirement 
to J. J. Rostosky, Manager of 
Recruiting, Dept. 1923. 


ALLENTOWN, PA. 
de be bebe bebe ited dtededeied 
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located in Western Colorado. Send 


resume and college transcript to: 
Union Carbide Nuclear Company 
Division of Union Carbide Corporation 
P. O. Box 1049 
Grand Junction, Colorado 








EXCELLENT OPPORTUNITY for qualified 
electrical and/or electronic engineers 
in expanding Research and Development 
Division. 


Project Engineers have complete re- 
sponsibility for the development of in- 
struments and control systems related 
to the pulp and paper industry. Please 
send resumes to The Champion Paper 
and Fibre Company, Hamilton, Ohio, to 
the Attention of Kenneth L. Faist, Asst. 
Personnel Director, General Personnel 
Administration. 











INSTRUMENT REPAIRMAN 


with industrial maintenance experience 
on variety of pneumatic instruments. 
Knowledge of electronics helpful. Age 
25-45. Rate $2.60 to $2.91 with differ- 
ential for shift work. Also liberal bene- 
fits in new industry. 


NATIONAL ANILINE DIVISION 
ALLIED CHEMICAL CORPORATION 
P.0. BOX 831, HOPEWELL, VIRGINIA 














INSTRUMENT 
ENGINEERS 


Responsible positions for graduate 
Chemical, Mechanical, Electrical 
engineers experienced in pneumat- 
ic and/or electronic instrumenta- 
tion in the petroleum, chemical or 
power fields. Must be capable of 
supervising instrument engineering 
on large projects; instrument ap- 
plication, specifications, installa- 
tion, panel and console design, etc. 
Liberal relocation allowances to 
San Francisco for you and your 
family. 

Send confidential resume to: 
George |. Copeland 
Manager of Personnel 
Personal interviews will be ar- 
ranged for qualified candidates. 


BECHTEL 
CORPORATION 


220 Montgomery Street 
San Francisco, California 








Seeks a Process Instrument Engineer 


The Engineering Department of a multi- 
plant division has a position open for an 
experienced instrument engineer for de- 
sign of instrument systems for organic 
chemicals processing. 

The location is Buffalo, New York, a cos- 
mopolitan city with many cultural, recrea- 
tional, and educational advantages. The 
position offers opportunity for growth with 
a growing Division of Allied Chemical 
Corporation. 

Please send your resume’ for prompt 
and confidential review to 


M. W. Mead 

Technical Recruiting 
Engineering Department 
National Aniline Division 
Box 975 

Buffalo 5, New York 








ENGINEERS 


Research & Development 

Growth company has immediate need for 
Research and Development Instrument, Me- 
chanical and Electronic Engineers. New 
facilities to be consolidated in St. Peters- 
burg, Fla., under the direction of Dr. Earl 
J. Serfass, V.P., R&D in approximately six 
(6) months. Familiarization would be in 
Philadelphia and Bethlehem, Pa., and St 
Petersburg, Florida, plants. Only those who 
are willing to relocate to St. Petersburg, 
Fla., need apply. 


, 
Research-Staff Adm. Ass’t. 
Chemistry, Physics or General Engineering 
graduate to assist Vice-President, D, 
manage engineering activities services sup- 
porting experimental work. Work with Pat- 
ent Applications correspondence with for- 
eign licenses. Exp. desired. Knowledge of 
German helpful. 


Mechanical Engineer—R&D 

Min. 5 years’ exp. in design and develop- 
ment of precision mechanical equipment 
Calculate stress analysis, bearing loading, 
etc. Knowledge of Machine Shop tooling 
and practices; gas, liquid and solid pre- 
cision feed systems desirable 


Electronic Instruments Engineer 
Experience in design, construction, pack- 
aging and debugging of electronic devices 
knowledge of electronic circuitry, design 
exp. of chemical analytical electrometric 
instruments desirable. 
Chemical Engineer—R&D 
Experienced in handling gases, principally 
hydrogen, for research on a new diffusion 
purification process. Work on development 
of commercial purification plant designs 
and instruments 
SUBMIT RESUME TO 
PERSONNEL MANAGER 


MILTON ROY COMPANY 
1300 East Mermaid Lane 
Philadelphia 18, Pa. 











LOOKING FOR A REPRESENTATIVE, 
WANT TO FILL A POSITION, LOOKING 
FOR A POSITION? Use classified ad- 
vertising in the ISA Journal. Send 
your copy, etc. to Classified Depart- 
ment, ISA Journal, 313 Sixth Ave., 
Pittsburgh 22, Pennsylvania. 





PROFESSIONAL 
LISTING 


Professional Listing and listing of consulting 
services (12 or 6 Times only) available in standard 
card size set uniform style 2-3/16 inches wide and 
1 inch deep 

12 times within 12-month period 
Cost per monthly insertion 

6 times within 6-month period 
Cost per monthly insertion 


$9.00 


$10.00 





RECORDING CHARTS 
Now you can supply all your circular and 
strip recording chart needs from one source 
save time, money and paper work. Send 
for newly revised Stock List and Catalog 
TECHNICAL SALES CORPORATION 
189 Van Rensselaer St., Buffalo 10, New York 





ASSOCIATED CONTROL EQUIPMENT, INC. 
C. A. Dally, P. E. 


Engineering — Manufacturing 
Special Control Equipment and Systems 


Coraopolis, Pa. 
(Pittsburgh District) 


P. 0. Box 136 
Tel: AMherst 4-8161 











a= ISA MEMBERSHIP = 
BENEFITS 


——— 


are completely spelled out in the 
free booklet “Your Place In In- 
strumentation.” In it you will 
find all the benefits to manage- 
ment, engineers and _ technical 
personnel in the fields of meas- 


urement, testing, information 


handling, computation, and con- 
trol. Find out what this nation- 
wide organization can do for 


you today. Use coupon below: 


A Membership Application 


Form Is Included 


Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 
Please send me your free 
booklet, “Your Place In Instru- 
mentation” and a Membership 
Application Form. 


Address ___._ 
Zone_._._ State__ 
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new literature 





Computer Inventory Control 


Comprehensive study on how G-15 com 


puter helped solve complex marketing 
inventory problem described in illustrated 
{-page application report 10, “Inventory 


Bendix Computer 
NO. 464 


Problem.” 


CIRCLI 


Control 


Miniature Strain Gage 


subminiature 
make accurate 

fillets, gear 
including 
{-page 
tables 


Unique mono-filament 
wire strain gage that can 
measurements in crevices, 


teeth and other applications 
temperature is described in 
4331. Line 
Baldwin-Lima-Hamilton. 


CIRCLE NO. 465 


high 


data _ sheet drawings 


and graphs 


Gas Detectors 


Complete data on portable, semiport 
multichannel gas detectors in 
510-1. Chart of 
common gases 
Houston 


CIRCLE 


able and 


i-page bulletin lower 
gives 
Instrument 


NO. 466 


explosion limits of 


values for reference 


Corp 


Ultrasonic Flowmeter 


Smooth-bore, ultrasonic flowmeter for 


rapid, accurate volumetric measurement 
of aircraft and missile fuels is described, 
and operating principle and 
t-page bulletin MX857. W. L. 
CIRCLE NO. 467 


specs are 
given in 
Maxson Corp 


Temperature Controls 


Simple, stable temperature control pack 
ages applicable to a wide variety of in 
dustrial processes are described in 12-page 
bulletin 108. Operation, circuits and safety 
types of thermo 


features of three basic 


couple-actuated controls including pro- 


portioning model that can hold tempera 


Assembly Prod 


ture to =1°F of set point 


CIRCLE NO. 468 


Thin-Window Flow Counter 


bulletin 3125-9 on thin 


counte! 


Illustrated 


window flow outlines all major 


features and gives detailed spec data on 
unit for detecting and counting all types 
of ionizing radiation, especially beta 
counting in the 


Victoreen Instrument. 


region 
NO. 469 


proportional 


CIRCLE 


Radiochemical Catalog 


New radiochemical catalog, Schedule F, 
lists over 400 radiolabeled compounds, in- 
cluding many new items available in AE(¢ 
license-exempt quantities; high intensity 
beta and gamma sources and 
license-exempt radionuclide kits for stu- 
radioactivity standards. Nuclear 
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CONFERENCE CALENDAR 





JUNE 1960 


June 20-23—l1lth Annual Symposium on 
Spectroscopy, Chicago, Ill. Sponsor: 
Chicago Section, Society for Applied 
Spectroscopy. Contact: Harry Wilson, 
Continental Can Co., 7622 S. Racine 
Ave., Chicago 20, Ill. 


June 22-24—1960 Conference on Standards 
and Electronic Measurements, Boulder, 
Colorado. Sponsors: AIEE, NBS, IRE. 
Contact: James F. Brockman, National 
Bureau of Standards, Boulder, Colo- 
rado. 


*xJune 25-July 5—First International Con- 

ess for Automatic Control, Moscow, 

SSR. Sponsors: AACC (ISA, ASME, 

AIEE, AIChE, IRE) Contact: Prof. Ru- 

fus Oldenburger, Purdue University, 
Lafayette, Ind. 


June 27-29—4th Natio al Convention on 
Military Electronics, Washington, D.C. 
Sponsor: IRE. Contact: IRE, 1 East 
79 St., N. Y. 21, N.Y 


JULY 1960 


July 5-15—Modern Research Methods in 
Biology and Medicine-Instrumentation 
Elements, Cambridge, Mass. Contact: 
Dr. James M. Austin, Director of the 
Summer Session, Room 7-103, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass. 


July 11-29—Summer Course in Process 
Control Theory, Case Institute of 
Technology. Contact: Dr. D. P. Eck- 
man, Academic Director, Process Con- 
trol Theory Course, Case Institute of 
Technology, University Circle, Cleve- 
land 6, Ohio. 


July 21-27—3rd International Conference 
on Medical Electronics, London, Eng- 
land. Contact: Conference Secretariat, 
The Institution of Electrical Engineers, 
Savoy Place, London, W.C.2, England. 


AUGUST 1960 


August 1-4—SPIE Sth Annual Technical 
Symposium and Exhiborama of Equip- 
ment, Los Angeles, Calif. Sponsor: So- 
ciety of Photographic Instrumentation 
Engineers. Contact: SPIE, P. O. Box 
288, Redondo Beach, Calif. 


August 2-5—Gas Chromatography Short 
Course, University of California, Los 
Angeles. Sponsor: Physical _ Sciences 
Extension and Engineering Extension, 
UCLA. Contact: H. L. Tallman, Physi- 
cal Sciences Extension, Room 6501 En- 
con Bldg. II, UCLA, Los Angeles 
24, Calif. 


August 23-26—Western Electronic Show 
and Convention, Los Angeles, Calif. 
Sponsors: IRE and WEMA. Contact: 
WESCON, 1435 South La Cienga Blvd., 
Los Angeles 35, California. 


August 29-31—Gas Measurement Short 
Course, West Virginia University, Mor- 
gantown, W. Va. Contact: Prof. R. E. 
Hanna, University of West Virginia 
Morgantown, W. Va. 


SEPTEMBER 1960 


*September 7-9—Joint Automatic Control 
Conference, MIT, Cambridge, Mass. 
Sponsors: AIEE, ASME, AIChE, IRE, 
ISA. Contact: Dr. James Mozley, John 
Hopkins U., Baltimore, Md. 


*Denotes ISA Sponsored or Participating Meeting 


September 12-23 — Summer Conference 
Course on Fundamental Principles of 
Nondestructive Testing, Ohio State 
University, Columbus, Ohio. Contact: 
Prof. Roy B. McCauley, Dept. of Weld- 
ing Engineering, 190 West 19th Ave., 
ye State University, Columbus 10, 

io. 


September 14-15 — Fourth Annual Joint 
Military-Industrial Electronic Test 
Equipment ee Chicago, Ill. 
Sponsors: Office of the Director of 
Defense Research and Engineering and 
Department of the Army Signal Corps. 
Contact: S. I. Cohn, Armour Research 
enon, 10 West 35th St., Chicago 


xSeptember 26-30—ISA Instrument-Auto- 
mation 15th Annual Conference and 
Exhibit, New York Coliseum, New 
York City Contact: William Kushnick, 
Executive Director, ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 


OCTOBER 1960 


*xOctober 4-7—10th Annual Instrument 


Symposium and Research Equipment 
Exhibit, National Institutes of Health, 
Bethesda, Md. Sponsors: Washington 
Sections ISA, AACC, ACS, SAB, SEBM. 
Contact: Dr. Herman C. Ellinghausen, 
Agricultural Research Center, U. S. 
ae of Agriculture, Beltsville, 


October 12-14—4th Conference on Analyti- 
cal Chemistry in Nuclear Reactor 
Feeney lst Conference on Nuclear 
Reactor emistry, Gatlinburg, Tenn. 
Sponsor: Oak Ridge National Lab. 
Contact: C. D. Susano, Oak Ridge Na- 
Sonal Lab., P. O. Box Y, Oak Ridge, 

enn. 


*x October 31-November 2 — 13th Annual 
Conference on Electronic Techniques 
in Medicine and Biol . Sheraton 
Park Fotel Washington, . C. Spon- 
sors: IRE, ISA, AIEE. Contact: Dr. R 
L. Bowman, National Heart Institute, 
Bethesda 14, Maryland. 


NOVEMBER 1960 


* April 17-19—7th ISA Symposium on In- 
strumental Methods of Analysis, Hous- 
ton, Texas. Contact: Director, Tech- 
nical and Educational Services, ISA, 
313 6th Ave., Pittsburgh 22, Pa. 


JANUARY 1961 


xJanuary 16-19—ISA Instrument Automa- 
tion Winter Conference and Exhibit. 
Kiel Auditorium, St. Louis, Missouri. 
Contact: William H. Kushnick, Execu- 
tive Director, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


MARCH 1961 


*March 27-31—ISA Symposium on Tem- 
perature—Its Measurement and Con- 
trol in Science and Industry, Colum- 
bus, Ohio. Sponsors: ISA, AIP, NBS. 
Contact: Director of Technical and 
Educational Services, ISA, 313 Sixth 
Ave., Pittsburgh 22, Pa. 


MAY 1960 


*%May 1-4—7th ISA Flight Test Instrumen- 
tation Symposium, Dallas, Texas. Con- 
tact: Director, Technical and Educa- 
tional Services, ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 


way 8-10—4th ISA Power Instrumenta- 
tion Symposium, Chicago, Hl. Contact: 
Director, Technical and Educational 
a, ISA, 313 6th Ave., Pittsburgh 

, Pa, 


*%May 17-19—2nd Pulp and Paper Instru- 
mentation Symposium, Appleton, Wisc. 
Sponsors: ISA and TAPPI. Contact: 
Director, Technical and Educational 
a ISA, 313 6th Ave., Pittsburgh 

. Pa. 


*xJune 13-16—3rd Biennial ISA Interna- 
tional Gas Chromatography Sympo- 
sium, East Lansing, Michigan. Contact: 
Director, Technical and Educational 
ah ISA, 313 6th Ave., Pittsburgh 
22, Pa. 


JUNE 1961 


*xJune 5-8 — ISA Instrument-Automation 
Summer Conference and Exhibit, 
Queen Elizabeth Hall, Toronto, Onta- 
rio, Canada. Contact: William H. Kush- 
nick, Executive Director, ISA, 313 6th 
Ave., Pittsburgh 22, Pa. 


November 15-16—12th Annual Mid-America 
Electronics Conference, Kansas City, 
Mo. Sponsor: IRE. Contact: L. R. Criss- 
man, Trans World Airlines, 10 Richards 
Rd., Kansas City, Mo. 


SEPTEMBER 1961 


*xSeptember 11-15—ISA Instrument Auto- 
mation Conference and Exhibit and 
16th Annual Members Meeting, Sports 
Arena, Los Angeles, Calif. Contact: 
William _H. Kushnick, Executive Di- 
soctee, ISA, 313 6th Ave., Pittsburgh 

, Pa. 


MARCH 1962 


%* March 26-293—ISA Instrument-Automation 
Spring Conference and Exhibit, Mem- 
orial Auditorium, Dallas, Texas. Con- 
tact: William H. Kushnick, Executive 
Director, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


JUNE 1962 


*xJune 11-14—ISA Instrument Automation 
Summer Conference and Exhibit, Con- 
vention Hall, Seattle, Washington. Con- 
tact: William H. Kushnick, Executive 
Director, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


SEPTEMBER 1962 


*September 10-13 — ISA Instrument-Auto- 
mation Conference and Exhibit and 
17th Annual Members Meeting. Public 
Auditorium, Cleveland, Ohio. Contact: 
William Kushnick, Executive Di- 
coos. ISA, 313 6th Ave., Pittsburgh 
“<<, a. 


SEPTEMBER 1963 


*xSeptember 23-27—-ISA Instrument-Auto- 
mation Conference and Exhibit and 
18th Annual Members Meeting, Con- 
vention Hall, Philadelphia, Pa. Con- 
tact: William H. Kushnick, Executive 
eee. ISA, 313 6th Ave., Pittsburgh 

, Pa. 


SEPTEMBER 1965 


weoenees 27-October 1—ISA Instrument 

utomation Conference and Exhibit 
and 20th Annual Members Meeting. 
Exposition Center, Chicago, Ill. Con- 
tact: William H. Kushnick, Executive 
Director. ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 





LAST CALL FOR... 





ISA Instrument-Automation Conference and Exhibit and |5th Annual Members Meeting 
New York City, September 26-30 


Joint Automatic Control Conference, Massachusetts Institute of Technology, Cambridge, Mass., September 7-9 
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Whatever your particular requirement or special preference in industrial control valves, operators, and accesso- 


ries—you'll find it under the famous General Controls ‘roof!’ Pneumatic, electric direct drive, electro-hydraulic; 


pressure reducing valves, regulators, safeties and flow tubes—you name it, we'll deliver it. And every General 


Controls product is backed by an international sales and service organization. Nine plants, 44 factory branch 
offices, plus exclusive factory sales representatives—throughout the United States, Canada and Western Europe. 


At your service. Check the Yellow Pages for your local branch office or sales representative. 





HAMMEL-DAHL 


Now combined with the 
Foster Engineering Division in 
a modern 112,000 square 
foot plant in Warwick, Rhode 
Island, the Hammel-Dah! 
Division produces a complete 
line of pneumatic contro 
valves —diaphragm or piston 
operated, split or integral 
bodies for every application. 


FOSTER 


Long a prominent “name” 
in the field of heavy duty 
steam reducing valves 
regulators, high pressure 
safety valves, and a pioneer 
of the famous Gentile® flow 
tube, the Foster Engineering 
Division adds a new 
dimension to the General 
Controls line of industrial 
control valves and 
accessories. 


TORK-MASTER 


These powerful electric gear 
driven actuators are designed 
to convert manual valves to 
automatic without removing 
valve bodies from line 
Eliminates costly down time- 
ideal for centralized contro 
from remote point 


HYDRAMOTOR® 


A product of General 

Controls own research and 
development program, the 
Hydramotor® is one of the 
most widely used industria 
valves in the country. By 
combining the powerful 
electro-hydraulic operators 

with a variety of valve bodies 
the Hydramotor® offers 
tremendous power for 
high-pressure, high-flow 
applications. Fail-safe, simple , 
two-wire control. 2 


a 
a 


a 


GENERAL CONTROLS 


801 Allen Avenue, Glendale 1, California 
Warwick Industrial Park, Warwick, Rhode Island 
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Electronic controllers for 
high-performance systems! 


The new GPE Controls R465 Electronic Controller is built 
for high performance in every aspect...the result isthe highest 
degree of dynamic accuracy possible. Three times 
as fast as other known control systems, yet comparably priced. 
With GPE Controls electric transmitters and electro-hydraulic 
valve actuators, precise control can be maintained at more than 
20 cps. Easy, low-cost installation, because high-level d.c. signal 
makes possible simple unshielded wiring. Instant visual com- 


parison of parallel set-point and process variable indicators. 


GPE Controls R465 Electronic Controller 

features advanced functional design throughout. 

Controller drawer (left) and manual/automatic station (right) 
are housed in a dustproof mounting case 

Either section may be serviced while the other 

controls the process. Proportional band, rate, and 

reset controls are accessible from the front 

while controller is operating, and are calibrated 

in logarithmic steps for ease in adjusting 

to process dynamics. 








NEW factual bulletin tel/s the “how and why” 
DAT of electronic control. Write for your copy today! 


GPE | EN EF 
(cxteold i GPE Controls, Inc. (formerly Askania Regulator Company) 


240 East Ontario Street * Chicago 11, Illinois 








A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 
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